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Interactions between streams and groundwater has traditionally concentrated on 
relationships between the regional groundwater system and the stream However, recent 
emphasis on three-dimensional spatial analysis of upland groundwater, the fluvial plain 
and channel has required application o f detailed groundwater-surface water exchange 
methodologies. This study attempts to quantify groundwater and surface water 
interaction in Elk Creek, a mountain stream (discharge ranging between 0.69 and 2.04 
cfs) which has been severely impacted by decades o f placer mining and then 
reconstructed by the Bureau o f Land Management A reach length o f 1800 fl of 
reclaimed stream and 975 ft of an unmined tributary were examined to determine the 
degree to which groundwater exchange had been achieved in the reconstructed stream 
section. Groundwater exchange was quantified using mini-piezometers, synoptic surveys 
and stream tracer techniques using NaCl and rhodamine WT Maps o f upward and 
downward vertical gradients were developed, and gaining and losing stream reaches 
identified. Tracer data was analyzed using OTIS. Modeling results suggested the ratios 
between stream storage cross-sectional area and channel cross-sectional area to be 0.02,
0.80, and 1.29 for the three reaches of the unmined tributary, and 1.00, 5.38, and 12.0 for 
the three reaches examined on the reconstructed system. Model results indicate deviant 
behavior within the reconstructed stream section when compared with similar stream 
studies. This work forms a basis upon which the restoration and reconstruction o f placer 
mined channels can be formulated and assessed.
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1.0 INTRODUCTION
More than a hundred years of placer mining in Montana (Lyden, 1948) has left 
private, state, and federal agencies the task of reclaiming mined lands (Miles et al., 1996; 
McCuIIoch et al., 1993). Streams and floodplains are usually severely impacted during 
mining, and restoration o f such sites involves many variables, interactions, and reactions 
(Inter-Fluve, Inc., 1991; Beschta and Platts, 1986). The success of reclamation depends 
on the re-establishment of appropriate channel configuration and consideration of the 
role o f groundwater-surface water exchange (Beschta et al., 1995; Washington Forest 
Practices Board, 1993).
Historically the concepts of interactions between streams and groundwater have 
concentrated on the boundary conditions between the stream channel and the water table 
on either side (Woessner, 2000). Only recently has this concept been expanded. Field 
studies in mountain streams indicate that ascertaining the complexities of stream- 
groundwater interaction requires understanding the fluvial plain system (Woessner, 2000; 
Squillace, 1996). The fluvial plain system is “that volume of sediments adjacent to 
active and abandoned stream channels that has hydrogeologic characteristics of the 
present and ancient stream systems that deposited and eroded the sediments” (Woessner, 
2000).
Streams carry out many important functions, including the transport o f solutes, 
nutrients, and sediments. The degree of groundwater interaction also affects nutrient 
availability, as well as the thermal properties of the stream, thereby affecting both 
aquatic and terrestrial habitats (Morrice et al., 1997; Valett et al., 1996; Ryan, 1994;
Stanford and Ward, 1993; Taniguchi, 1993; Triska et al., 1989; Hynes, 1983; Standford 
and Gaufin, 1974; Hynes, 1970).
1.1 Purpose and Scope
This research attempted to determine how restoration of a placer mined stream 
affected its surface water-groundwater exchange locations and magnitudes. The upper 
portions of Elk Creek, a mountain stream which has been severely impacted by placer 
mining and restored by the Bureau of Land Management, and the interactions of an 
undisturbed tributary, the North Fork of Elk Creek were compared and contrasted. This 
work and additional exchange evaluations may be eventually linked to the stream 
classification systems which are currently in use, providing a guide for future 
reclamation and reconstruction o f similar streams in the Rocky Mountains. Specific 
objectives used to evaluate both the natural and reconstructed site include:
1. Characterize the channel and fluvial plain morphologies.
2. Determine stream-groundwater exchange locations.
3. Estimate surface-subsurface exchange rates from stream tracer tests.
4. Compare and contrast natural and reconstructed stream channel and 
groundwater interaction.
2.0 DESCRIPTION OF STUDY AREAS
Two field sites were chosen to represent both a natural stream reach, and a stream 
reach that was placer-mined and later reclaimed (Figure 2.1 ). The first field site, on the 
North Fork of Elk Creek represents a mountain stream with natural groundwater-stream 
interactions and behavior (Figure 2.2). The second site, in near proximity, is a reach on 
the main stem of Elk Creek (Figure 2.3). Elk Creek was intensely placer mined over the 
last 130 years (Miles, et al., 1996; Lyden, 1948) and was reconstructed in 1994.
The North Fork o f Elk Creek site is located approximately 35 mi northeast o f 
Missoula, Montana, in the University of Montana's Lubrecht Experimental Forest (T 13 
N, R 14 W, Sec. 15,16, and 21) (Figure 2.1, 2.2). The reach of stream studied is 
approximately 1,000 ft in length, measured longitudinally along the stream channel. The 
North Fork Elk Creek watershed is an estimated 4,410 ac in size, ranging in elevation 
from 4,080 ft to a height o f 6,760 ft above sea level. It drains to the west toward the 
Blackfoot River, experiencing an average gradient of 300 ft/mi, and with an average 
discharge o f 1.65 cfs (Billings, 1992). The average gradient for the study area is 62.4 
ft/mi. This mature watershed is characterized by a dendritic drainage pattern. While the 
watershed has experienced some logging and road building, the North Fork of Elk Creek 
is for all practical purposes a natural stream within an undisturbed environment.
The project site on the main stem of Elk Creek is located approximately 4.5 mi 
upstream and southeast o f the project site on the North Fork (T 12 N, R 14 W, Sec. 1) 
(Figure 2.1 ). As a result o f placer mining, today many parts of the Elk Creek canyon are 
highly disturbed and in varying stages o f recovery. "Some areas have vegetation
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Figure 2.1 Site locations for the North Fork o f Elk Creek (NF) 
and the reconstructed reaches o f Elk Creek (EC)

















Figure 2.2 Site map o f the North Fork o f  Elk Creek. 
Site Length; 279 m (975 ft)
Average Discharge: 0.05 mVs (1.65 cfs)
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Figure 2.3 Site map o f  the reconstructed Elk Creek.
Site Length; 550 m (1800 ft)
Average Discharge: 0.02 - 0.06 mVs (0.68 - 2.03 cfs)
suggesting little or no mining in the past 50 years or more, others are nearly barren and 
have highly altered stream channels suggesting relatively recent mining" (Miles et al., 
1996). Portions of Elk Creek were reconstructed in 1994 by the Bureau of Land 
Management, and monitoring of the project is continuing to date (Miles, 1996). Prior to 
the reconstruction, "the most disturbed appearing areas were largely un-vegetated, many 
had no channel (the water flowed exclusively underground), and the substrates appeared 
to be largely without silt and clay sized particles" (Miles et al., 1996).
The reclaimed stream length is a continuous reach totaling 4,677 ft. The project 
site, reaches IB and 1C designed by the BLM has a total length o f 1,643 ft (Figure 2.3). 
The elevation o f the project site is estimated to be between 5220 ft and 5290 ft above sea 
level. The main stem of Elk Creek discharge averages between 0.68 cfs at the upstream 
end of the reclamation project area to 2.03 cfs at the downstream end (Miles, et a l ,
1996).
2.1 Climate
The climatic conditions for both the North Fork and the main stem study areas 
follow the general trends seen in western Montana’s mountain areas. The climatic data 
presented are based on readings from the WRCC Ovando Station #246304 
fhttp://WWW wrcc.dri. edu/cgi-bin/cliGCStT. pi?mtova9 ; http://www. wrcc. dri. edu/cgi- 
bin/cliGCStP.p]?mtovani located 4 mi north o f the North Fork of Elk Creek site, at 
approximately the same elevation. Annual precipitation in the area is approximately 17 
in. The watershed recharge for both sites is controlled primarily by the annual snow
pack. The average annual snowfall is 52.10 in and snow melt occurs in mid to late April 
to early May. Average daily temperature in the area is approximately 38.8T  ranging 
from a low o f -3.18T during the winter months to a high o f 65T  in the summer (Smith, 
1984).
2.2 General Geology
At the North Fork o f Elk Creek site. Quaternary alluvial deposits overlie the 
bedrock formations. The unconsolidated deposits are estimated to be approximately 40 
ft thick and range in size from silt to cobbles. The sediments originate from the quartz 
monzonite and Precambrian meta-sedimentary formations on either side o f the valley 
(Billings, 1992). These deposits form a heterogenous unconfined floodplain aquifer 
(Billings, 1992).
The valley alluvial deposits o f the main stem of Elk Creek has been severely 
disturbed by placer mining. At one time it was recorded that placer mining was taking 
place within the area at a depth o f 40 ft below current land surface (Miles, et al., 1996). 
The fluvial deposits within the valley are also most likely Quaternary in age. There are 
three predominate types of bedrock within the Elk Creek basin including limestone, 
granodiorite, and quartz monzonite (Miles et al, 1995).
3.0 METHODOLOGY
Both the North Fork o f Elk Creek and the reconstructed reaches of Elk Creek 
were first surveyed and then classified based on their respective morphological 
characteristics according to the Rosgen classification system (Rosgen, 1996). Stream 
discharges for each location were monitored throughout the year. Mini-piezometers were 
installed to characterize local groundwater gradients (Lee and Cherry, 1979). Stream 
tracer tests were conducted using NaCl and Rhodamine WT tracers in order to develop 
breakthrough curves for each study site (Harvey and Bencala, 1993; Bencala and 
Walters, 1983). Using the breakthrough curves from the tracer tests as calibration 
criteria, both systems were then modeled with the USGS One-dimensional Transport 
with Inflow and Storage numerical model (OTIS) (Runkel, 1998) in an attempt to 
quantify groundwater and surface water exchange processes.
3.1 Stream Morphology
Channel geometry was characterized for each site using the Rosgen classification 
system (Ro%en, 1996). Five physical channel attributes were investigated for this 
classification: the entrenchment ratio o f the stream, the width/depth ratio of the channel, 
sinuosity, slope o f the water surface, and bed material. The entrenchment o f a stream is 
a measure o f its vertical containment within the valley in which it lies and was 
determined through the ratio o f the maximum depth o f the water level within the 
channel times two, to the bankful 1 width. This ratio was attained by interpretation of 
stream charmel cross-sections. The channel width to depth ratio was also determined
through the use of stream cross-sections and is a measure o f the available energy and 
distribution of that energy throughout the stream. Sinuosity o f a stream is a measure of 
the slope of the stream and the slope o f the valley, and controls stream functions such as 
meander patterns. Sinuosity measurements were derived from topographic maps of each 
area as well as through the use of aerial photographs. The slope of the water surface is 
the vertical change in elevation over distance measured along the longitudinal stream 
profile. The slope of the sites were determined through surveying each site, and 
calculating the change in elevation over distance. The channel material characterization 
is simply an estimate of the predominate material size lining the channel bed, and was 
measured through field observations and through the use of pebble counting techniques.
3.2 Local Groundwater Gradients
Piezometers have traditionally been used to determine gradients in aquifers 
(Fetter, 1994; Price, 1985). Piezometers can be used to determine the vertical hydraulic 
gradient in a prescribed area, as well as the potentiometric surface within an area (Fetter, 
1994; Price, 1985). For these reasons mini-piezometers (Lee and Cherry, 1979) were 
chosen as a preliminary tool to clarify and characterize the interactions and behaviors of 
the groundwater and the stream at both study areas.
Each piezometer consisted of 5 ft o f Vz in diameter electrical conduit fitted with a 
loose carriage bolt and driven using a fence post pounder. The tops and bottoms of the 
observation wells were left open-ended. Prior to driving fine steel wool was inserted into 
the bottom end of each well as a filter to prevent obstruction by either fine-grained
10
sediment or organic debris within the stream bed. After installation, piezometers were 
pulled up approximately 2 in and each well was tested to insure that it was allowing 
water to flow into the well freely. Groundwater gradients were measured prior to tracer 
tests at each site in order to determine magnitude and direction of vertical gradients. 
These results were also used to calibrate the numerical transport model.
Mini-piezometers were installed in the North Fork of Elk Creek at 100 ft 
intervals, and every 50 ft within the last 200 ft of the site. In all, thirteen in-channel 
observation wells were installed (Figure 2.2). On the main stem of Elk Creek a total of 
10 mini-piezometers were installed at approximately 200 ft intervals measured 
longitudinally along the stream bed (Figure 2.3).
3.2 Tracer Injection
3.2.1 Stream Conditions
In order to provide a sound background data set characterizing stream conditions 
during the tracer test a variety o f measurements were taken in addition to the water levels 
in the existing piezometers. Stream discharge was measured using a Price AA Pygmy 
meter in conjunction with an Aqua Calc 5000 following manufactures instructions and 
procedures set forth in USGS protocols (Rantz et al., 1982). Dissolved oxygen 
concentrations were recorded using an Orion model 820 DO-meter following 
manufacturer’s instructions. Temperature was measured using a Bamant 100 
Thermocouple Thermometer Model No. 600-2820 (JKT), and pH was recorded using an 
Orion model 230A with a Sensorex gel electrode, calibrated to manufacturer’s
11
specifications.
3.2.2 Initial Tracer Estimations and Injection Approach
A continuous injection of NaCl tracer was used in conjunction with rhodamine 
dye in order to characterize the stream-groundwater interaction as described by 
Equations 1-3, Appendix B. For both sites nearly 20 lbs of NaCl was dissolved in 150 L 
of stream water (Appendix B) placed in a 55-gallon drum to obtain an in-stream chloride 
concentration of approximately 10 mg/L. Rhodamine WT liquid concentrate dye (100- 
200 mL) was then added to the NaCl - stream water mixture prior to the injection and 
mixed thoroughly so that arrival times could be witnessed by the samplers at each 
sampling location. The solution was mixed for 10 minutes, let set for 10 minutes, stirred 
for 10 minutes longer and then tested with a conductivity meter to determine the degree 
of tracer stratification that existed within the barrel. Injection was accomplished by 
using two parastaltic pumps Pumping rates for the North Fork tracer tests were not 
constant, as a result a generator was brought in to maintain constant injection rates for 
the test on the reconstructed Elk Creek. Test design called for each pump to deliver a 
rate o f 1 L/min.
Sampling sites for both the North Fork and the reconstructed reaches of Elk 
Creek were then chosen down gradient o f suspected groundwater discharge reaches of 
the stream (S-1, S-2, and S-3, Figures 3.1 and 3.2). Arrival times o f a solute were then 
calculated based on average stream velocity estimated on-site a week prior to the tracer 
test. From the projected arrival times a basic sampling plan for each site was designed so
12
North Fork of Elk Creek 
Tracer injection and Sampling Locations
Reach 1 (76m)
PI i 'l









Figure 3.1 Injection and sampling locations along the North Fork o f  Elk Creek
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Reconstructed Elk Creek 
Tracer Injection and 













Reach Break Garnet 
Range Rd1-1Injection Point 
Sampling Location
Figure 3.2 Injectionand sampling locations along the reconstructed Elk Creek site
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that rapid sampling would occur prior to, during solute arrival, and would continue to 
define a concentration plateau. This sampling plan was then modified the day of the 
tracer test based on observed tracer arrival.
3.2.3 Sampling Procedure and Analysis
Water samples were obtained at each sampling site prior to and throughout the 
injection of the tracer The samples were collected in 100 mL polyethylene bottles that 
had been pre-labeled, and pre-soaked for a period no less than 30 minutes in stream 
water from the site. The bottles were emptied and shaken to remove any residual water 
droplets prior to the test and again recapped. Samples collected during the test were 
depth integrated and taken in the approximate center of the stream channel.
Samples of the tracer source were taken before and after the test to monitor for 
deviations in tracer concentrations. After collection, the water samples were returned to 
the Murdock Environmental Laboratory and Rush Laboratory for analysis. The samples 
were analyzed for chloride concentrations on the Ion Chromatograph (IC), and analyzed 
for fluorescence using a Digital Spectrofluorometer following the procedures outlined in 




4.1 Stream Morphological and Hydrological Characteristics
Both study areas were classified using the Rosgen classification system, a system 
based on the physical characteristics of the stream and its banks (Rosgen, 1996). The 
North Fork of Elk Creek study area was classified as a Rosgen type G4c. Bed material 
sizes ranged from silt to cobble, but overall the size was predominately gravel. The 
North Fork study reach was moderately sinuous. The North Fork reaches were 
entrenched, with a low width/depth ratio, and a shallow gradient of less than 0.02 (Figure 
4.1).
Figure 4.1 North Fork o f Elk Creek
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The North Fork of Elk Creek exhibits an average cross-sectional area of 1.2 fP 
(Figure 4.2). Average discharge for the year 1999 was 4.00 cfs , according to a stream 
gaging station approximately 1500 ft downstream from the study area. The hydrograph 
(Figure 4.3) for the North Fork of Elk Creek shows response to precipitation events, and 
in particular is dominated historically by snow-melt within the watershed. The average 
water temperature for the North Fork was slightly lower than the reconstructed reaches of 
Elk Creek, at 5.TC.
Cross Section #1 North Fork of Elk Creek
W est Bank
Figure 4.2 Cross section #1 North Fork o f Elk Creek








1/20/99 2/19/99 3/21/99 4/20/99 5/20/99 6/19/99 7/19/99 8/ 18/99 9/ 17/99
Date
Figure 4.3 North Fork o f Elk Creek hydrograph for 1999
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The reconstructed Elk Creek was found to be primarily type B4 (Miles et al., 
1996). Type B4 streams are those which are moderately entrenched, exhibit a moderate 
width/depth ratio, moderate sinuosity, a slope between 0.02 and 0.039 (Rosgen, 1996). 
The reconstructed reach is also predominately a gravel stream bed, but materials range 
from silt to cobble size.
Figure 4.4 Reconstructed Elk Creek 
The average cross-sectional area of the main stem was determined from active
stream channel cross-sections and is estimated to be 0.94 ft  ̂(Figure 4.5) Average
discharge for the reconstructed reaches was 3.92 cfs for 1999, as shown in the
hydrograph (Figure 4.6). The typical hydrograph for this area of Elk Creek is relatively
1 8
flat, characteristic of a groundwater dominated system within a large and complex 
drainage basin. Average water temperature within the reconstructed section for 1999
was 5.TC.
Cross Section at P-10 
Reconstructed Elk Creek
South Bank
Figure 4.5 Cross section o f reconstructed Elk Creek based on Miles et al., 1996
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Figure 4.6 Elk Creek hydrograph for 1999
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4.2 Local Groundwater Gradients
The North Fork of Elk Creek piezometer data suggest the studied stream reach 
has a slightly portion o f the reach with upward gradients than downward gradients. Two 
of the three reaches were experiencing downward gradients (Reaches I and 2), while 
Reach 3 showed primarily an upward groundwater gradient (Figure 4.7).
Vertical Hydraulic Gradients 
North Fork of Elk Creek
129 m





P-l P-2 P-3 P-4 
Net Gain = 0.06
P-8 P-9 F-IO P-11 F-12 P-13i
Figure 4.7 Vertical gradient data for the North Fork o f  Elk Creek
For the reconstructed reach of Elk Creek, the piezometer data indicated stream 
reaches were dominated by downward gradients (Figure 4.8). Similar to the natural 
system, two of the three reaches were characterized as primarily downward gradients 
(Reaches 2 and 3), and Reach 1 one was experiencing an upward groundwater gradient 
on the day of the test (Appendix A. 3). Vertical gradient is used to describe these 
conditions rather than the net loss or gain statements because hydraulic conductivity for 
each piezometer location is both highly variable and difficult to quantify. An accurate
2 0
portrayal of the magnitude o f the interactions within the streams.















P-l P-2 P-3 P-4 P-5
Net Loss = 0.44
p-9 P -l
Figure 4.8 Vertical gradient data for the reconstructed Elk Creek
4,3 North Fork of Elk Creek Tracer Test
The tracer test at the North Fork of Elk Creek was conducted on May 1, 1999, the 
first day that the site was accessible by road Background field conditions are described 
in Table 4.1.
Table 4.1. Background site conditions at the North Fork o f Elk Creek, 
where GS stands for the downstream BLM gaging station, 
located approximately 1500 ft downstream from S-3.
Location DO (mg/L) pH Temp (F) Q (cfs) Mean Vel
I-l 10.3 7.55 38.6 6.75 1 66
S-1 10.4 7.44 38.7
S-2 104 7.53 386
S-3 10.4 7.34 38.6
GS 5.58
Site Ave; 10 4 7.47 38 6 6.75 1.66
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The average temperature, dissolved oxygen concentration, and pH were relatively 
constant throughout the study site. There was a difference in the discharge noted 
downstream at the BLM gaging location, but the readings are not significantly different 
when associated measurement error is considered.
It was determined in the field prior to the tracer injection that the pumps did not 
in fact pump at the desired 1 L/min rate Rather pump #1 pumped at a rate of 772.5 
mL/min and pump number two began at a rate of 720 mL/min. It was determined that 
the test should proceed, and that this could perhaps be corrected for in re-calculating 
tracer concentrations based on the governing equations. The pump rates were also 
measured at the end of the test and it was discovered that pump # 1 had increased to a rate 
of 800 mL/min and pump #2 had decreased to a rate o f 360 mL/min. Injection variability 
was accounted for using linear correction factors for the data in reproducing the break 
through curves for the tracers in the OTIS model. Breakthrough curves for the North Fork 
of Elk Creek sampling locations are presented in Figures 4.9, 4.10, and 4.11. Transport 
velocities calculated as C/C^ = 0.5 were 0.69, 0.77, and 0.85 ft/s at S-1, S-2, and S-3 
respectively.
Tracer samples taken from S-1 were found to have a set error of about 4.4%, 
samples analyzed from S-2 were found to have a set error of approximately 4.05%, and 
those from S-3 a higher error o f 9.7% (Appendix C). These error calculations are based 
on average percent difference between duplicates from each set. Percent spike recovery 
for all three sets was relatively good and ranged primarily between 83% and 95%.
2 2
S-1 Chloride Breakthrou^ Curve 
North Fork o f  Elk Creek
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Figure 4.9 Breakthrough curve for S-I, North Fork o f Elk Creek
S-2 Chloride Breakthrough Curve 
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Figure 4.10 Breakthrough curve for S-2, North Fork o f  Elk Creek
S-3 Chloride Breakthrough Curve 
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Figure 4.11 Breakthrough curve for S-3, North Fork o f Elk Creek
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The fluorescence data for each sampling location can be seen in Appendix C. 
Through a comparison o f standard measurements the relative standard deviation of these 
readings is approximately 2.2%, showing that the instrument was fairly precise. The 
accuracy of these data sets were difficult to determine, however, as a determination of 
accuracy requires an outside standard. Unfortunately there are no outside standards 
available for this type of analysis. For this reason, the chloride concentration data were 
used in further analysis o f the North Fork data.
4.4 Tracer Test of the Reconstructed Elk Creek
The second tracer test was conducted on July 14, 1999. The background site 
information is presented in Table 4.2.
Table 4 .2. Background site conditions o f the reconstructed Elk Creek.
Location DO (mg/L) pH Temp (F) Q (cfs) Mean Vel 
(ft/s)
I-l 8.9 8.20 49.6 3.98 3.06
S-1 9.0 8.10 49.0
S-2 9.1 8.05 48.3
S-3 9.5 8.30 50.3 2.99 2.01
Site Ave: 9.3 8.16 49.3 3.49 2.54
Again the values o f  dissolved oxygen, pH, and temperature were relatively consistent 
throughout the study area. The lower discharge observed at the downstream end of the 
site suggests that the stream overall, is losing water to the surrounding alluvium. The 
difference in the readings however, is only 0.29 cfs when associated error is considered.
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Water samples collected during the test were analyzed for Rhodamine 
concentrations on a digital spectrofluorometer to attain a higher level of resolution than 
seen on the test of the North Fork of Elk Creek (Appendix C). Samples taken from S-1 
had an average set error o f 0.62%, samples collected from S-2 had a higher average error 
of 4.4%, and those from S-3 had a average set error of 0.80% based on percent difference 
between duplicates (Figures 4.12,4.13,4.14). While the percentage difference between 
duplicates was small, spike recovery for the sets was poor until the concentration of dye 
within the sample reached relatively high amounts, meaning samples with a fluorescence 
of greater than 1000 nm. The breakthrough curves at each sampling location are 
presented in Figures 4.12, 4.13, and 4.14. The general shape of the breakthrough curves 
for S-1 and S-2 indicate a relative steady injection rate and stream velocity existed during 
the test. Computed stream velocities were 0.67, 0.61, and 0.50 ft/s for sites S-1, S-2, and 
S-3, respectively.
S-1 Rhodamine Dye Breakthrough Curve 
Reconstructed Elk Creek
6 0 0 0
5 0 0 0
4 0 0 0
3 0 0 0
2000




Figure 4.12 Breakthrough curve at S-1, reconstructed Elk Creek
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S-2: Rhodamine Dye Breakthrough Curve 
Reconstructed Elk Creek
5 0 0 0
4 0 0 0
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Figure 4.13 Breakthrough curve at S-2, reconstructed Elk Creek
S-3: Rhodamine Dye Breakthrough Curve 
Reconstructed Elk Creek
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2 0 0 0
1 000
2 0 6 0
Time (min)
12040 80 100
Figure 4.14 Breakthrough curve at S-3, reconstructed Elk Creek
The graph of S-3 (Figure 4.14) does not reach a plateau concentration as the other two 
sampling locations. A possible reason for this may be the addition o f water to the 
system, causing a shape characteristic of a changing stream velocity, and simultaneously 
diluting the main channel concentration, lowering the observed values within the 
samples. Further analysis o f breakthrough curve behavior follows in the next section.
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5.0 BREAKTHROUGH CURVE ANALYSIS AND ESTIMATION OF 
GROUNDWATER SURFACE WATER EXCHANGE
The USGS OTIS model (Runkel, 1998) was chosen to quantify stream behavior 
and surface water-groundwater exchange. OTIS is a one dimensional transport model 
which allows for the estimation of inflow and storage parameters based on the 
breakthrough curves observed in the field. The model is governed by the following 
equations (Runkel, 1998):
5Ç = QÔÇ + 1Ô(ADÔC) + SlinCCl-C) + a(C,-C) (4)
ôt AÔx AÔx Ôx A
and
Where:
dÇs = aA(C-Cs) 
dt As
C = Solute concentration in the main channel 
t = Time 
Q -  Discharge
A = Cross sectional area of the main channel
D = Dispersion coefficient
X = Reach length
9 lin  ^  Lateral discharge in
(5)
Cl = Lateral inflow concentration 
Cg = Solute concentration within 
storage zone 
As = Cross sectional area of storage 
zone
a  = Rate of exchange between 
storage zone and main channel
Equation 4 relates solute concentration within the main channel to time as a 
function of its advection and dispersion, groundwater flow into the system, and the rate 
o f exchange between the main channel and the hyporheic zone. Equation 5 calculates 
the concentration of the solute within the hyporheic zone at time t as a function of the 
rate of exchange between the storage zone and the main channel; the relative size o f the
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channel area to the storage zone and the relative concentrations within each. A 
conceptualization of the OTIS model and primary inputs and outputs is shown in Figure 
5.1. This model assumes that the solute concentration within the main channel of a small 
stream does not vary across the stream channel, or significantly within the water column, 
but varies only longitudinally downstream (Runkel, 1998). For my efforts, I further 
assumed an average discharge over the entire reach for both the North Fork and 
reconstructed Elk Creek sites. Velocity measurements were not taken during the tests at 
the different sampling locations. The varying velocities are rather accounted for within 
the computed main channel cross sectional areas for each site.
The model was then executed and calibrated for each site using input values 
generated from the field measurements of discharge, known channel cross sectional 
areas, local groundwater gradients as characterized by the mini-piezometers within the 
stream channel, as well as the observed solute break through curves. OTIS input and 
output files are available in Appendix E and F of this report. The simulated model 
output was then graphed against observed solute concentrations to quantify differences, 
and identify solute behavior.
5.1 Transport Model Results
Modeling of the two stream systems was achieved through matching the break 
through curves derived from the tracer tests, the observed data, and the simulated data 
produced from the modeling efforts. The matching was achieved by estimation of six 







N etG W In
I
Time
Figure 5.1 Conceptualization o f  OTIS primary inputs and outputs, where at
specified locations downstream of the injection point, the OTIS model provides 
concentration vs time data based on channel properties and amount o f  advection and 
dispersion o f the tracer.
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coefficient (Disp), the cross-sectional area of the main channel (A), the cross-sectional 
area of the storage zone (AJ, and alpha (a), the rate of exchange between the channel 
and the hyporheic zone. When modeling, these parameters were calibrated to 
observations in the field of groundwater gradients, streamflow measurements and cross 
sectional channel area.
Simulated vs Observed Cl Concent rations 
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Figure 5.2 Simulated vs observed chloride concentrations at S-1 from the tracer test 
on the North Fork o f Elk Creek.
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Simulated vs Observed Cl Concentrations 
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Figure 5.3 Simulated vs observed chloride concentrations at S-2 from the tracer test 
on the North Fork o f Elk Creek.
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ë  3.00E-KX) 
o  O




o  Observed 
 Calculated
GWI = lE-7 A = 0.7 rn2 
Œ VO= lE-6 A s= 0 .9 m 2  
Disp = 0.05 a  = lE-2
 1- - - - - - - - - - - - - - - - - - - - 1— — 1-- - - - - - - - - - - 1- - - - - - - - - - - - - - - - - 1- - - - - - - - - - - - - - - - - r -
0.00 0.20 0.40 0.60 0.80
Time (hrs)
1.00 1.20
Figure 5 4 Simulated vs observed chloride concentrations at S-2 from the tracer test 
on the North Fork o f Elk Creek.
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Figure 5.5 Simulated vs observed Rhodamine concentrations at S-1 from the tracer test 
on the reconstructed Elk Creek.
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Figure 5.6 Simulated vs observed Rhodamine concentrations at S-2 from the tracer test 
on the reconstructed Elk Creek
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GWI = IE-7 A = 1 0  m2 
GWO = lE-4 As = 1.2m2 
Disp = 0.5 a  = IE-2
Time (hrs)
2.00
Figure 5.7 Simulated vs observed Rhodamine concentrations at S-3 from the tracer test 
on the reconstructed Elk Creek
Figures 5 .2 through 5 .7 are graphs o f the simulated and observed data at the different 
sampling locations downstream from the injection point For each sampling location on 
both study areas a graph similar to Figure 5.2 is created based on the best fit parameters 
(Appendices D and E). Table 5.1 is a listing of those best fit parameters used in 
modeling the two stream systems.
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Table 5.1. Parameter values for OTIS model o f specified stream reaches along the 
North Fork (NF) and reconstructed Elk Creek (R).
Stream Reach GWI GWO Disp A(m^) As (m )̂ a A/A
NF Reach 1 lE-07 lE-06 5E-02 6.0E-0I l.OE-02 IE-02 0.02
NF Reach 2 lE-05 IE-07 5E-0I 8.0E-0I 6.0E-0I IE-02 0.80
NF Reach 3 lE-07 IE-06 5E-02 7.0E-0I 9 OE-OI IE-02 1 29
R Reach 1 lE-06 5E-07 5E-02 2.5E-0I 2.5E-0I IE-02 1.00
R Reach 2 lE-06 IE-04 5E-0I 1 3E-0I 7 OE-OI IE-02 5.38
R Reach 3 lE-07 IE-04 5E-0I 1 OE-OI I.2E+00 IE-02 12.0
The calibration and parameter estimation using OTIS allows a degree of surface water- 
groundwater exchange to be inferred through the size of the storage zone cross sectional 
area (Ag), and the ratio o f Ag to the channel cross sectional area (A/A). These ratios are 
also listed above in Table 5.1.
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6.0 DISCUSSION AND CONCLUSIONS
This study has characterized the groundwater-stream interaction of a portion of 
the reconstructed stream reach of Elk Creek and compared the results with a nearby 
natural tributary. Specific objectives and subsequent conclusions are summarized as 
follows:
1. Although different stream types, the active stream channels within both the 
natural and reconstructed area were similar. Both were moderately sinuous, had a 
low average gradient, and both exhibited a predominantly gravel bed.
2. The complexity o f surface water-groundwater exchange as represented by the 
vertical hydraulic gradient data suggests that the restored section and natural 
system behave similarly The restored stream section showed 40% received 
groundwater inflow, and 60 % of the study reach was losing stream water to the 
groundwater system The “natural stream reach” showed 46% was gaining 
groundwater and 54% was losing stream flow to the groundwater system.
3. In the restored stream, the ratios of the storage zone cross-sectional area to the 
channel cross-sectional area were 1.00, 5.38 and 12.0 for Reaches 1, 2, and 3.
4. In the natural stream, the ratios of the storage zone cross-sectional area to the 
channel cross-sectional area were 0.02, 0.08, and 1.29 for Reaches 1, 2, and 3.
5. Based on the OTIS modeling results, the inferred size of the floodplain storage or 
hyporheic zone is considerably larger in the disturbed and restored stream section, 
as shown by any ratio o f A /A  > 1 (Runkel et al., 1998). Based on these ratios, the 
North Fork o f Elk Creek behaves much like Uvas Creek and the Clackamas River
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in California (Runkel, 1998; Bencala and Walters, 1983). In each of these cases 
when OTIS was applied, A /A  ratios fell between 0.02 and 1.3. The only case that 
has been noted with the higher ratio as seen in the reconstructed Elk Creek is 
Huey Creek in Antarctica (Runkel et al., 1998). Although the correlation is 
unclear, it is evident that this higher ratio is not indicative of a typical interaction 
between the stream and the groundwater system.
6. In matching the observed and simulated breakthrough curves, it should be noted 
that a high exchange coefficient (a) of lE-02 was used for quantification of 
interactions at both study sites. This high exchange coefficient suggests rapid 
exchanges occurring between the channel and the hyporheic zone. More typical 
coefficient values typically range between lE-05 and lE-04 for studies conducted 
in mountain streams in California and Colorado (Runkel et al., 1998; Harvey and 
Bencala, 1983). The largest recorded value for a  within a natural system, is again 
Huey Creek in Antarctica, which ranged between lE-03 and lE-01 (Runkel et al., 
1998). In both cases o f the North Fork of Elk Creek and the reconstructed Elk 
Creek, the high exchange between the two may be a function of the higher 
porosity o f the underlying and surrounding alluvium (Runkel, 1998; Wroblicky et 
al., 1998).
The applicability o f the results of this study to future restoration efforts is 
complex and is dependant on the project goal and desired end result. The results can 
vary from restoration of natural conditions to simply reconstructing the stream to obtain
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hydrologie functions such as sediment transport and fish habitat. The goal of the BLM 
was to restore surface flow and the simple hydrologie function of Elk Creek, these goals 
were met through reconstruction efforts. However, if groundwater-stream exchange 
function is added to restoration requirements, this restoration/reconstruction no longer 
appears to meet the criteria. Nonetheless, without a large data base defining “natural” 
exchange rates and percentages of discharge and recharge sections within specified 
lengths of streams, it is unclear if  these study results are typical or unique. Hopefully this 
project will become part o f a data base on stream systems and exchange behavior. 
Eventually reconstruction and reclamation efforts will incorporate groundwater-stream 
exchange locations and magnitudes into reconstruction designs, and as a result overall 
stream function will improve.
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APPENDIX A; M ORPHOLOGICAL AND HYDROLOGICAL DATA
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APPENDIX A.1: CHANNEL CROSS SECTIONS
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Cross Section #1 North Fork of Elk Creek
West Bank
Cross Section #2 North Fork of Elk Creek
West Bank








Cross Section at P-10 
Reconstructed Elk Creek
South Bank
Cross Section at P-2 
Reconstructed Elk Creek
South Bank
Cross sections located on the reconstructed sections are based on Miles, 1996
APPENDIX A.2: 1999 MONITORING DATA
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North Fork of Elk Creek
BLM Stream Monitoring Data for 1999
Date Flow (ftVs) Water Temp (°C) TDS (mg/L) Sediment (mg/L) Turb. (NTU)
2/10/99 1.5
2/20/99 0.9 1.6
3/6/99 1.70 0.5 102 2.9 2.1
3/20/99 1.79 0.5 96 5.7 1.1
4/3/99 1.96 0.5 78 0.5 3.0
4/18/99 4.61 2.5 66 25.7 6.0
4/25/99 6.47 2.0 48 19.9 6.2
5/1/99 5.58 3.5 44 15.6 7.5
5/7/99 5.41 3.5 42 7.4 3.2
5/14/99 4.53 3.8 55 4.5 2.9
5/21/99 8.94 5.0 44 14.2 4.1
5/28/99 5.63 7.5 46 13.3 2.6
6/4/99 8.70 7.5 47 52.9 4.6
6/11/99 3.88 8.0 58 10.7 2.5
6/18/99 3.41 11.5 68 6.9 1.9
6/25/99 2.44 9.0 76 10.9 2.4
7/9/99 1.21 8.0 91 3.1 1.2
7/30/99 1.20 10.5 133 2.8 1.3
8/27/99 0.60 13.0 147 1.0
AVE 4.00 5.69 73.00 11.6 3.0
Main Stem of Elk Creek
BLM Stream Monitoring Data for 1999
Date Flow (ft^/s) Water Temp ("C) TDS (mg/L) Sediment (mg/L) Turb. (NTU)
2/20/99 3.6 2.0
3/6/99 2.75 225 0.8 1.0
3/20/99 2.45 195 6.2 1.0
4/3/99 2.73 4.5 229 2.5 1.0
4/18/99 3.36 6.5 246 3.2 1.3
4/25/99 3.83 7.0 110 2.6 1.1
5/1/99 3.95 6.0 221 5.8 1.6
5/7/99 4.14 6.5 208 4.2 1.6
5/14/99 4.23 6.0 223 3.4 0.9
5/21/99 4.06 8.0 167 3.1 0.8
5/28/99 4.13 9.0 226 2.8 0.8
6/4/99 5.41 8.0 214 3.4 1.1
6/11/99 5.51 8.8 228 1.8 1.0
6/18/99 12.3 2.9
6/25/99 5.20 8.2 134 2.5 0.8
7/9/99 4.31 8.5 233 1.6 0.5
7/30/99 3.56 9.5 232 2.4 0.8
8/27/99 3.15 9.5 234 0.7
AVE 3.92 7.6 208 3.7 L 1-2
APPENDIX A 3: VERTICAL HYDRAULIC GRADIENT DATA
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North Fork o f Elk Creek 
Date: 05-01-99
Inside Water Height Length o f Piez Vertical
Location Compared to Beneath Stream Bed Gradient
Stream Stage (in) (in) (I = h/L)
P-1 -0.25 15.80 -0.02
P-2 -0.44 16.00 -0.03
P-3 0.06 16.80 0.00
P-4 0.27 10.50 0.03
P-5 -0.60 13.50 -0.04
P-6 -0.51 7.50 -0.07
P-7 1.25 17.00 0.07
P-8 0.43 14.50 0.03
P-9 0.55 16.00 0.03
P-10 -1.50 13.00 -0.12
P-11 1.00 12.00 0.08
P-12 -1.17 10.00 -0.12
P-13 2.62 13.50 0.19
NET GAIN/LOSS = 0.06
Reconstructed Elk Creek
Date: 07-14-99
Inside Water Height Length o f Piez Vertical
Location Compared to Beneath Stream Bed Gradient
Stream Stage (in) (in) (I = h/L)
P-1 4.4 10.5 0.42
P-2 11 19 0.58
P-3 17.5 17.5 1.00
P-4 0.25 10 0.03
P-5 dry
P-6 -13.25 15 -0.88
P-7 1.38 13.5 0.10
P-8 -6 14.8 -0.41
P-9 -1 10.5 -0.10
P-10 -20 17 -1.18
NET GAIN/LOSS = -0.44
APPENDIX B: TRACER TEST AND INJECTION EQUATIONS
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The tracer tests were based on the following governing equation:
Cp — faCj  ̂+ fpCp (1)
where:
Cp = Final concentration desired (mg/L), after mixing 
fR = Discharge of the river (L/s) / total discharge of the river and pumped 
solute (L/s)
Cr = Background Cl concentration (mg/L) in the river 
fp = Discharge of the pump (L/s) / total discharge of the river and pumped 
solute (L/s)
Cp = Concentration of Cl (mg/L) at the injection point (I-l).
When solved for Cp, Equation #1 becomes:
C p =  (C p -  fpCR) /  fp (2 )
The number o f grams of NaCl was then determined using the follow-up equation 3:
(Mc/M e) ♦ Cp * U  * (1/1000) = (3)
where:
Me = Mass of compound (g)
Me -  Mass of element (g)
Cp = Concentration of Cl (mg/L) at the injection point (I-l) 
= Amount of liquid expected to inject (L)
A ^  = Amount of NaCl needed (g).
Tracer Calculations 
North Fork of Elk Creek
Cp — fnCR + fpCp
Where: “ Or /  (QR"Hi>) 
fR= (113.27 L /s)/(II3.27+0.03 L/s) 
Tr = 0.9997
^  “  Qp /  (Qr"*'Qp)
fp= (0.03 L/s) / (113.2740,03 L/s)
fp= 0.00026
R = 4 ft̂ /̂s 
R = 113.27 L/s
P = 0.03 L/s
(for 2 pumps @ 1 L/rain each) 
Cr= 0.615
mass of compound = 
mass of element = 
Liters desired =













Actual Tracer Injection 
North Fork of Elk Creek Date: 05-01-99 Chloride Concentration
CF = fRCR + fPCP
Where: fR = QR / (QR4qP)
£R= (191.1 L /s)/(191.1 L/s+ 0.02 L/s)
fR = 0.9999
fP= QP/(QR+QP)






Average Pump Injection Rates:
Pump # 1 ; 786.5 mL/min











Calculated for Chloride Concentrations
Cp = TrCr + fpCp
Where: Qr (̂Qr'KJp) 
fR= (113.27 U s ) /(1 13.27+0.03 L/s) 
fft = 0.9997
fp ~ Qp / (QR"K)p)
fp= (0.03 L/s) / (113 2740.03 L/s)
fp= 0.00026
R  = 4 ft /s 
R = 113.27 L/s
P = 0 03 L/s 
(for 2 pumps @ 1 L/min each) 
C r =  0.615
mass of compound = 













30 113019.9404 61 84996427
5 16866.09423 9.229940505
Actual Tracer Injection 
Reconstructed Elk Creek Date: 07-14-99 Rodamine Concentration








(98.8 L/s) / (98.8 L/s + 0.1187 L/s) 
0.9988
QP / (QR4QP)






Average Pump Injection Rate 
of Pump #1& Pump #2 
Total: 0.1187 L/s
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APPENDIX C.l : NORTH FORK OF ELK CREEK CHLORIDE ANALYSIS
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North Fork of Elk Creek Cl Tracer Analysis 
Sampling Site#l Injection Date: 05-01-99
Sample Name Collection Chloride Cone (ppm) Upper Concentration Lower Concentration
Time (min) Limit (ppm) Limit (ppm)
S-1 NF050199 BACKGROUND 0 3.49E-01 +/- 1.53E-02 3.64E-01 3.34E-01
S-1NF050199 1 1 3.41E-01 +/- 1.50E-02 3.56E-01 3.26E-01
S-1NF050199 2 2 3.49E-01 +/- 1.53E-02 3.64E-01 3.34E-01
S-1NF050199 3 3 5.86E-01 +/- 2.58E^02 6.12E-01 5.60E-01
S-1 NF050199 4 4 3.22E+00 +/- 1.42E-01 3.36E+00 3.08E+00
S-1 NF050199 5 5 4.92E+00 +/- 2.17E-01 5.14E+00 4.70E+00
S-1NF050199 6 6 5.92E+00 +/- 2.60E-01 6.18E+00 5.66E+00
S-1NF050199 7 7 6.05E+00 +/- 2.66E-01 6.32E+00 5.78E+00
S-1NF050199 8 8 6.05E+00 +/- 2.66E-01 6.32E+00 5.78E+00
S-1NF050199 9 9 5.97E+00 +/- 2.63E-01 6.23E+00 5.71E+00
S-1NF050199 10 10 5.90E+00 +/- 2.60E-01 6.16E+00 5.64E+00
S-1NF050199 11 12 5.58E+00 +/- 2.45E-01 5.83E+00 5.34E+00
S-1 NF050199 12 14 5.44E+00 +/- 2.39E-01 5.68E+00 5.20E+00
S-1 NF050199 13 16 5.15E+00 +/- 2.27E-01 5.38E+00 4.92E+00
S-1 NF050199 14 18 5.09E+00 +/- 2.24E-01 5.31E+00 4.87E+00
S-1 NF050199 15 20 5.02E+00 +/- 2.21E-01 5.24E+00 4.80E+00
S-1 NF050199 16 25 5.07E+00 +/- 2.23E-01 5.29E+00 4.85E+00
S-1 NF050199 17 30 5.05E+00 +/- 2.22E-01 5.27E+00 4.83E+00
S-1 NF050199 18 40 5.11E+00 +/- 2.25E-01 5.34E+00 4.89E+00
S-1 NF050199 19 50 4.93E+00 +/- 2.17E-01 5.15E+00 4.71E+00
S-1 NF050199 20 60 4.82E+00 +/• 2.12E-01 5.03E+00 4.61E+00
S-1NF050199 21 65 4.87E-01 +/- 2.14E-02 5.08E-01 4.66E-01
North Fork of Elk Creek Cl Tracer Analysis
Sampling Site #2 Injection Date: 05-01-99
Sample Name Collection Chloride Cone (ppm) Upper Concentration Lower Concentration
Time (min) Limit (ppm) Limit (ppm)
S-2 NF050199 BACKGROUND 0 3.35E-01 +/• 1.36E-02 3.49E-01 3.21E-01
S-2 NF050199 1 2 3.35E-01 +/- 1.36E-02 3.49E-01 3.21E-01
S-2NF050199 2 4 3.41E-01 +/• 1.38E-02 3.55E-01 3.27E-01
S-2NF050199 3 5 3.35E-01 +/- 1.36E-02 3.49E-01 3.21E-01
S-2 NF050199 4 6 3.62E-01 +/- 1.47E-02 3.77E-01 3.47E-01
S-2NF050199 5 7 3.37E-01 +/- 1.36E-02 3.51E-01 3.23E-01
S-2 NF050199 6 8 3.80E-01 +/- 1.54E-02 3.95E-01 3.65E-01
S-2 NF050199 7 9 7.39E-01 +/- 2.99E-02 7.69E-01 7.09E-01
S-2NF050199 8 10 1.67E+00 +/- 6.76E-02 1.74E+00 1.60E+00
S-2 NF050199 9 11 3.35E+00 +/- 1.36E-01 3.49E+00 3.21E+00
S-2NF050199 10 12 4.27E+00 +/- 1.73E-01 4.44E+00 4.10E+00
S-2 NF050199 11 13 5.09E+00 +/- 2.06E-01 5.30E+00 4.88E+00
S-2 NF050199 12 14 5.55E+00 +/- 2.25E-01 5.78E+00 5.33E+00
S-2NF050199 13 15 5.69E+00 +/- 2.30E-01 5.92E+00 5.46E+00
S-2NF050199 14 16 5.75E+00 +/• 2.33E-01 5.98E+00 5.52E+00
S-2 NF050I99 15 18 5.63E+00 +/- 2.28E-01 5.86E+00 5.40E+00
S-2 NF050199 16 20 5.45E+00 +/- 2.21E-01 5.67E+00 5.23E+00
S-2NF050199 17 22 5.20E+00 +/- 2.11E-0I 5.41E+00 4.99E+00
S-2 NF050199 18 25 5.14E+00 +/• 2.08E-01 5.35E+00 4.93E+00
S-2NF050199 19 30 5.06E+00 +/- 2.05E-01 5.27E+00 4.86E+00
S-2 NF050199 20 35 5.00E+00 +/- 2.03E-01 5.20E+00 4.80E+00
S-2NF050199 21 40 5.13E+00 +/• 2.08E-01 5.34E+00 4.92E+00
S-2 NF050199 22 50 5.06E+00 +/- 2.05E-01 5.27E+00 4.86E+00
S-2 NF050199 23 60 5.08E+00 +/- 2.06E-01 5.29E+00 4.87E+00
North Fork of Elk Creek Cl Tracer Analysis
Sampling Site #3: Injection Date: 05-01-99
Sample Name Collection Chloride Cone (ppm) Upper Concentration Lower Concentration
Time (min) Limit (ppm) Limit (ppm)
S-3 NF050199 BACKGROUND 0 3.48E-01 +/- 3.37E-02 3.82E-01 3.14E-01
S-3 NF050199 1 5 3.42E-01 +/- 3.32E-02 3.75E-01 3.09E-01
S-3 NF050199 2 10 3.46E-01 +/- 3.35E-02 3.80E-01 3.13E-01
S-3 NF050199 3 11 3.36E-01 +/- 3.26E-02 3.69E-01 3.03E-01
S-3 NF050199 4 12 3.31E-01 +/- 3.21E-02 3.63E-01 2.99E-01
S-3NF050199 5 13 3.30E-01 +/- 3.20E-02 3.62E-01 2.98E-01
S-3NF050199 6 14 3.34E-01 +/- 3.24E-02 3.66E-01 3.02E-01
S-3 NF050199 7 15 3.38E-01 +/- 3.28E-02 3.71E-01 3.05E-01
S-3 NF050199 8 16 4.30E-01 +/- 4.17E-02 4.72E-01 3.88E-01
S-3NF050199 9 17 4.88E-01 +/- 4.73E-02 5.35E-01 4.41E-01
S-3 NF050199 10 18 8.58E-01 +/- 8.32E-02 9.41E-01 7.75E-01
S-3 NF050199 11 19 1.65E+00 +/- 1.60E-01 1.81E+00 1.49E+00
S-3NF050199 12 20 2.51E+00 +/- 2.44E-01 2.75E+00 2.27E+00
S-3 NF050199 13 25 5.46E+00 +/- 5.29E-01 5.99E+00 4.93E+00
S-3 NF050199 14 30 5.34E+00 +/- 5.18E-01 5.86E+00 4.82E+00
S-3 NF050199 15 35 4.97E+00 +/- 4.82E-01 5.45E+00 4.49E+00
S-3NF050199 16 40 4.95E+00 +/- 4.80E-01 5.43E+00 4.47E+00
S-3 NF050199 17 50 4.98E+00 +/- 4.83E-01 5.46E+00 4.50E+00
S-3 NF050199 18 60.3 5.06E+00 +/- 4.91E-01 5.55E+00 4.57E+00
Calculated Final Cl Concentration: 5.011 ppm
North Fork of Elk Creek
Chloride Analysis Quality Control Data
Sample Name Analysis Date Chloride Amount
S-1 NF050I99 7 05/25/1999 6.05E+OO
S-1 NF050199 7- LAB DUP 05/26/1999 5 92E+00
S-1 NF050199 7- 1 SPIKE 05/26/1999 6 39E+00
%DIFF DUPLICAIES -2.2%
%RECOVERY SPIKES 94.8%
S-1 NF050I99 BACKGROUND 05/25/1999 3.49E-01
S-1 NF050199 BACKGRND- LAB DUP 05/26/1999 3.26E-0!
S-1 NF050199 BACKGRND-0.5SPIKE 05/26/1999 7.50E-01
%DIFF DUPLICATES -6.6% Set I Ave Error
%RECOVERY SPIKES 87.2% =(2.2 + 6.6V2 
= 4.4%
S-2 NF050199 12 05/25/1999 5 55E+00
S-2 NF050199 12-LAB DUP 05/26/1999 5 50E+00
S-2NF050199 12-1 SPIKE 05/26/1999 5.97E+00
%DIFF DUPLICATES -0.9%
%RECOVERY SPIKES 97.5%
S-2 NF050199 BACKGROUND 05/25/1999 3 35E-01
S-2 NF05Ü199 BACKGRND- LAB DUP 05/26/1999 3.12E-01
S-2 NF050199 BACKGRND- 0 5SPIKE 05/26/1999 7 28E-01
%DIFF DUPLICATES -7.2% Set 2 Ave Error
%RECOVERY SPIKES 85.3% =(0.9 + 7 2)/2 
= 4.05%
S-3 NF050199 13 05/25/1999 5.46E+00
S-3 NF050199 13-1 SPIKE 05/26/1999 5.86E+O0
S-3 NF050199 13- LAB DUP 05/26/1999 5.37E+00
%DIFF DUPLICATES 7.1%
%RECOVERY SPIKES 45.8%
S-3 NF050199 BACKGROUND 05/25/1999 3.48E-01
S-3 NF050199 BACKGRND- LAB DUP 05/26/1999 3.07E-01
S-3 NF050199 BACKGRND-0.5SPDŒ 05/26/1999 7.27E-OI
%DIFF DUPLICATES -12.3% Set 3 Ave Error
%RECOVERY SPIKES 82 8% =(7.1 +12.3)/2 
= 9.7%
1/2 QC SPEX 6-12 05/25/1999 9.70E+00
1/2 STDl 05/25/1999 2.74E-01
1/2 STDl 05/25/1999 2.82E-01
1/2 STDl 05/25/1999 2.50E-01
1/2 STOI 05/25/1999 2.40E-OI
1/2 STDl 05/25/1999 5.57E-0!
1/2 STDl 05/26/1999 2 38E-01
1/2STD1 05/26/1999 2.41E-01
1/2STD1 05/26/1999 2.80E-01
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Reconstructed Elk Creek Rhodamine Tracer Analysis 
Sampling Site #1 Injection Date: 07-14-99
Sample Name Collection Fluorescence (nm) Upper Concentration Lower Concentration
Time (min) Limit (nm) Limit (nm)
S-1 MS071499 BACKGROUND 0 7.00E-01 +/ 4.34E-03 7.04E-01 6.96E-01
S-1 MS071499 1 1 3.60E-01 +/ 2.23E-03 3.62E-01 3.58E-01
S-1 MS071499 2 2 5.50E-01 +/ 3.41E-03 5.53E-01 5.47E-01
S-1 MS071499 3 3 3.30E-01 +/ 2.05E-03 3.32E-01 3.28E-01
S-1 MS071499 4 4 3.30E-01 +/ 2.05E-03 3.32E-01 3.28E-01
S-1 MS071499 5 5 2.80E-01 +/ 1.74E-03 2.82E-01 2.78E-01
S-1 MS071499 6 6 2.80E-01 +/ 1.74E-03 2.82E-01 2.78E-01
S-1 MS071499 7 7 3.00E-01 +/ 1.86E-03 3.02E-01 2.98E-01
S-1 MS071499 8 8 3.40E-01 +/ 2.11E-03 3.42E-01 3.38E-01
S-1 MS071499 9 9 8.47E+00 +/ 5.25E-02 8.52E+00 8.42E+00
S-1 MS071499 10 10 1.63E+02 +/ l.OlE+00 1.64E+02 1.62E+02
S-1 MS071499 11 12 1.55E+03 +/ 9.63E+00 1.56E+03 1.54E+03
S-1 MS071499 12 14 2.50E+03 +/ 1.55E+01 2.51E+03 2.48E+03
S-1 MS071499 13 16 3.12E+03 +/ 1.93E+01 3.14E+03 3.10E+03
S-1 MS071499 14 18 3.52E+03 +/ 2.18E+01 3.54E+03 3.50E+03
S-1 MS071499 15 20 3.93E+03 +/ 2.44E+01 3.96E+03 3.91E+03
S-1 MS071499 16 25 4.42E+03 +/ 2.74E+01 4.45E+03 4.40E+03
S-1 MS071499 17 30 4.75E+03 +/ 2.94E+01 4.78E+03 4.72E+03
S-1 MS071499 18 35 4.74E+03 +/ 2.94E+01 4.77E+03 4.71E+03
S-1 MS071499 19 40 4.95E+03 +/ 3.07E+01 4.99E+03 4.92E+03
S-1 MS071499 20 45 4.92E+03 +/ 3.05E+01 4.95E+03 4.89E+03
S-1 MS071499 21 50 5.03E+03 +/ 3.12E+01 5.06E+03 5.00E+03
S-1 MS071499 22 60 6.34E+03 +/ 3.93E+01 6.37E+03 6.30E+03
Reconstructed Elk Creek Rhodamine Tracer Analysis 
Sampling Site #2 Injection Date: 07-14-99
Sample Name Collection Fluorescence (nm) Upper Concentration Lower Concentration
Time (min) Limit (nm) Limit (nm)
S-2 MS071499 BACKGROUND 0 3.30E-01 +/ 1.45E-02 3.45E-01 3.15E-01
S-2MS071499 1 2 3.10E-01 +/ 1.36E-02 3.24E-01 2.96E-01
S-2 MS071499 2 3 3.30E-01 +/ 1.45E-02 3.45E-01 3.15E-01
S-2 MS071499 3 4 3.40E-01 +/ 1.50E-02 3.55E-01 3.25E-01
S-2 MS071499 4 5 3.40E-01 +/ 1.50E-02 3.55E-01 3.25E-01
S-2 MS071499 5 6 3.50E-01 +/ 1.54E-02 3.65E-01 3.35E-01
S-2 MS071499 6 7 3.20E-01 +/ 1.41E-02 3.34E-01 3.06E-01
S-2 MS071499 7 8 3.20E-01 +/ 1.41E-02 3.34E-01 3.06E-01
S-2 MS071499 8 9 3.20E-01 +/ 1.41E-02 3.34E-01 3.06E-01
S-2 MS071499 9 10 3.30E-01 +/ 1.45E-02 3.45E-01 3.15E-01
S-2 MS071499 10 11 2.30E-01 +/ l.OlE-02 2.40E-01 2.20E-01
S-2 MS071499 11 12 2.40E-01 +/ 1.06E-02 2.51E-01 2.29E-01
S-2MS071499 12 13 2.40E-01 +/ 1.06E-02 2.51E-01 2.29E-01
S-2MS071499 13 14 2.10E-01 +/ 9.24E-03 2.19E-01 2.01E-01
S-2MS071499 14 15 2.10E-01 +/ 9.24E-03 2.19E-01 2.01E-01
S-2MS071499 15 16 2.10E-01 +/ 9.24E-03 2.I9E-01 2.01E-01
S-2MS071499 16 18 2.60E-01 +/ 1.14E-02 2.71E-01 2.49E-01
S-2MS071499 17 20 2.21E+00 +/ 9.72E-02 2.31E+00 2.11E+00
S-2MS071499 18 25 3.41E+02 +/ 1.50E+01 3.56E+02 3.26E+02
S-2 MS071499 19 30 1.21E+03 +/ 5.34E+01 1.27E+03 1.16E+03
S-2 MS071499 20 35 2.08E+03 +/ 9.16E+01 2.17E+03 L99E+03
S-2 MS071499 21 40 2.64E+03 +/ 1.16E+02 2.76E+03 2.52E+03
S-2 MS071499 22 45 3.24E+03 +/ 1.42E+02 3.38E+03 3.09E+03
S-2 MS071499 23 50 3.38E+03 +/ 1.49E+02 3.53E+03 3.23E+03
S-2 MS071499 24 60 3.91E+03 +/ 1.72E+02 4.08E+03 3.73E+03
S-2 MS071499 25 65 3.94E+03 +/ 1.73E+02 4.11E+03 3.77E+03
S-2 MS071499 26 70 4.05E+03 +/ 1.78E+02 4.23E+03 3.87E+03
S-2 MS071499 27 75 4.00E+03 +/ 1.76E+02 4.18E+03 3.83E+03
Reconstructed Elk Creek Rhodamine Tracer Analysis
Sampling Site #2 Injection Date: 07-14-99
Sample Name Collection Fluorescence (nm) Upper Concentration Lower Concentration
Time (min) Limit (nm) Limit (nm)
S-2 MS071499 28 80 3.27E+03 +/ 1.44E+02 3.41E+03 3.12E+03
S-2 MS071499 29 85 2.58E+03 +/ 1.14E+02 2.70E+03 2.47E+03
S-2 MS071499 30 90 1.73E+03 +/ 7.62E+01 1.81E+03 1.66E+03
Reconstructed Elk Creek Rhodamine Tracer Analysis 
Sampling Site #3 Injection Date: 07-14-99
Sample Name Collection Fluorescence (nm) Upper Concentration Lower Concentration
Time (min) Limit (nm) Limit (nm)
S-3 MS071499 BACKGROUND 0 3.00E-02 +/ 2.40E-04 3.02E-02 2.98E-02
S-3 MS071499 1 4 -3.00E-02 +/ -2.40E-04 -3.02E-02 -2.98E-02
S-3 MS071499 2 6 -4.00E-02 +/ -3.20E-04 -4.03E-02 -3.97E-02
S-3 MS071499 3 8 -l.OOE-02 +/ -8.00E-05 -l.OlE-02 -9.92E-03
S-3 MS071499 4 9 l.lOE-01 +/ 8.80E-04 l.llE-01 1.09E-01
S-3 MS071499 5 10 -l.OOE-02 +/ -8.00E-05 -l.OlE-02 -9.92E-03
S-3 MS071499 6 11 -4.00E-02 +/ -3.20E-04 -4.03E-02 -3.97E-02
S-3 MS071499 7 12 3.00E-02 +/ 2.40E-04 3.02E-02 2.98E-02
S-3 MS071499 8 13 -3.00E-02 +/ -2.40E-04 -3.02E-02 -2.98E-02
S-3 MS071499 9 14 -7.00E-02 -5.60E-04 -7.06E-02 -6.94E-02
S-3 MS071499 10 15 -2.00E-02 +/ -1.60E-04 -2.02E-02 -1.98E-02
S-3 MS071499 11 16 2.00E-02 +/ 1.60E-04 2.02E-02 1.98E-02
S-3 MS071499 12 17 O.OOE+00 +/ O.OOE+00 O.OOE+00 O.OOE+00
S-3 MS071499 13 18 2.00E-02 +/ 1.60E-04 2.02E-02 1.98E-02
S-3 MS071499 14 19 l.OOE-02 +/ 8.00E-05 l.OlE-02 9.92E-03
S-3 MS071499 15 20 8.00E-02 +/ 6.40E-04 8.06E-02 7.94E-02
S-3 MS071499 16 22 l.OOE-02 +/ 8.00E-05 l.OlE-02 9.92E-03
S-3 MS071499 17 24 3.00E-02 +/ 2.40E-04 3.02E-02 2.98E-02
Reconstructed Elk Creek Rhodamine Tracer Analysis 
Sampling Site #3 Injection Date: 07-14-99
Sample Name Collection 
Time (min)




S-3 MS071499 18 26 4.00E-02 +/ 3.20E-04 4.03E-02 3.97E-02
S-3 MS071499 19 28 l.OOE-01 +/ 8.00E-04 l.OlE-01 9.92E-02
S-3 MS071499 20 30 2.80E-01 +/ 2.24E-03 2.82E-01 2.78E-01
S-3 MS071499 21 35 4.31E+00 +/ 3.45E-02 4.34E+00 4.28E+00
S-3 MS071499 22 40 9.83E+01 +/ 7.87E-01 9.91E+01 9.75E+01
S-3 MS071499 23 45 3.49E+02 +/ 2.79E+00 3.51E+02 3.46E+02
S-3 MS071499 24 50 6.63E+02 +/ 5.30E+00 6.68E+02 6.58E+02
S-3 MS071499 25 60 1.20E+03 +/ 9.59E+00 1.21E+03 1.19E+03
S-3 MS071499 26 55 9.39E+02 +/ 7.51E+00 9.46E+02 9.31E+02
S-3 MS071499 27 65 1.43E+03 +/ 1.14E+01 1.44E+03 1.42E+03
S-3 MS071499 28 70 1.62E+03 +/ 1.30E+01 1.63E+03 1.61E+03
S-3 MS071499 29 75 1.80E+03 +/ 1.44E+01 1.82E+03 1.79E+03
S-3 MS071499 30 80 2.03E+03 +/ 1.63E+01 2.05E+03 2.02E+03
S-3 MS071499 31 85 2.21E+03 +/ 1.77E+01 2.22E+03 2.19E+03
S-3 MS071499 32 90 2.44E+03 +/ 1.95E+01 2.46E+03 2.42E+03
S-3 MS071499 33 95 2.02E+03 +/ 1.62E+01 2.04E+03 2.00E+03
S-3 MS071499 34 105 1.53E+03 +/ 1.22E+01 1.54E+03 1.52E+03
S-3 MS071499 35 115 1.09E+03 +/ 8.74E+00 l.lOE+03 1.08E+03
Reconstructed Elk Creek 
Fluorescence Analysis Quality Control






Average % DUP diff
S-1 MS071499 bkgrd 1.85 1.91 1.87 1.88
S-1 MS071499 bkgrd-DUP 0.55 0.66 0.90 0.70 BDL
S-1 MS071499 9 8.48 8.49 8.43 8.47
S-1 MS071499 9-DUP 8.41 8.39 8.40 8.40 -0.01
S-1 MS071499 9-SPK 68.61 68.28 68.42 68.44
S-1 MS071499 16 0.05 442.76 442.26 442.46 442.49
S-1 MS071499 16-DUP 0.05 451.49 451.86 451.46 451.60 0.02
S-1 MS071499 16-SPK 0.05 447.34 447 13 447.51 447.33
S-2 MS071499 9 0.30 0.35 0.34 0.33
S-2 MS071499 9-DUP 0.35 0.35 0.35 0.35 0.06
S-2 MS071499 9-SPK 61.03 60.97 61.03 61.01
S-2 MS071499 18 341.41 341.17 341.22 341.27
S-2 MS071499 18-DUP 343.82 343 81 344 02 343 88 0.01
S-2 MS071499 18-SPK 357.35 358.36 357.79 357.83
S-2 MS071499 21 0.05 265.13 263.65 263.54 264.11
S-2 MS071499 21-DUP 0.05 282.25 282.26 282.14 282.22 0.07
S-2 MS071499 21-SPK 0.05 293 90 294.86 296.03 294.93
S-3 MS071499 7 0.05 0.05 -0.01 0,03
S-3 MS071499 7-DUP -0.02 0.02 0.30 0.10 BDL
S-3 MS071499 7-SPK 64.35 64.11 64.11 64.19
S-3 MS07I499 12 0.00 -0.01 0.00 0.00
S-3 MS07I499 12-DUP 0.12 0 12 0.12 0.12 BDL
S-3 MS071499 12-SPK 64.13 63.80 63.78 63.90
S-3 MS071499 A 0.05 92.88 93.40 95.32 93.87
S-3 MS071499 A-DUP 005 92.35 92.15 92.27 92.26 -0.02
S-3 MS07I499 25 0.05 119.76 120.00 119.84 119.87
S-3 MS071499 25-DUP 0.05 118.56 118.55 118.78 118.63 -0.01
S-3 MS071499 21 4.30 4.31 4.31 4.31
S-3 MS071499 21-DUP 4.48 4.49 4.53 4.50 0.04
S-3 MS071499 21-SPK 66.61 66.78 66.82 66.74
S-3 MS071499 C 0.05 162.38 162.28 161.83 162.16
S-3 MS071499 C-DUP 0.05 154.25 154.60 154.68 154.51 -0.05
S-3 MS071499 C-SPK 0.05 193.49 193.96 193.05 193.50
Set 1 Ave Error 
Set 2 Ave Error 




BDL = Below Instrument Detection Limit 
All readings of concentrations in nm
APPENDIX D: THE NORTH FORK OF ELK CREEK
OTIS MODEL
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APPENDIX D .l: OTIS CONTROL FILE FOR THE
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# # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #
#
# OTIS C o n t r o l  F i l e
# N o r t h  F o r k  o f  E l k  C r e e k
# T r a c e r  I n j e c t i o n  0 5 0 1 9 9
#
#
# l i n e  name o f  t h e ;
 #   ----------------------------
# 1 p a r a m e t e r  f i l e
# 2 f l o w  f i l e
# 3 s o l u t e  o u t p u t  f i l e s
#
# # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #  
p a r a m s . i n p  
q .  i n p
s o l u t e . o u t
APPENDIX D.2: OTIS PARAM ETER FILE FOR THE




# OTIS P a r a m e t e r  F i l e
#
# 0 5 0 1 9 9  N o r t h  F o r k  o f  E l k  C r e e k  T r a c e r  I n j e c t i o n
# C o n s e r v a t i v e  T r a n s p o r t  o f  NaCl  & R h o d a m i n e  WT
#
# M o d e l e d  b y :  C h r i s t a - M a r i e  T y r r e l l
# D a t e / T i m e  l a s t  m o d i f i e d :
#
# # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #  
N o r t h  F o r k  o f  E l k  C r e e k  T r a c e r  I n j e c t i o n  0 5 0 1 9 9  
2 I PRTOPT
0 . 0 4  I PSTEP [ h o u r ]
0 . 0 0 5  I TSTEP [ h o u r ]
0 . 0 0 5  I TSTART [ h o u r ]
0 1 . 0 0  I TFINAL [ h o u r ]
0 . 0  I XSTART [L]
0 . 0  I DSBOUND [ { L / s e c ) C U ]
5 I NREACH
# # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #
#
# R e a c h  P h y s i c a l  P a r a m e t e r s
#
#NSEG RCHLEN DISP AREA2 ALPHA
# I I I I
# # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #
6 6 . 0 0 . 0 5 0 . 01 1 . O e - 2
70 7 0 . 0 0 .  05 0 . 01 1 . Oe- 2
92 92 . 0 0 . 5 0 0 . 0 6 1 . Oe- 2
129 1 2 9 . 0 0 .  05 0 . 0 9 1 . O e - 2
164 164  . 0 0 . 0 5 0 . 0 9 1 , O e - 2
# # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #
#
# Number o f  S o l u t e s  a n d  f l a g s  f o r  d e c a y  a n d  s o r p t i o n
#
# NSOLUTE ( c o l . 1 - 5 )  IDECAY ( c o l . 6 - 1 0 )  I S O R B ( c o l . 1 1 - 1 5 )
#
#  I  I
##########^f  # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #  
1 0  0
# # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #
#
# D e c a y  C o e f f i c i e n t s  ( IDECAY=1,  o n l y )
#
# f o r  1 = 1 ,  NREACH
#
# LAMB DA LAMBDA2
# I
# # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #
# # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #
#
# S o r p t i o n  P a r a m e t e r s  ( I S 0 R B = 1 ,  o n l y )
#
# f o r  1 = 1 ,  NREACH
#
#LAMHAT LAMHAT2 RHO KD CSBACK
# 1 1 1 1  
########################################################### 
# # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #
# P r i n t  I n f o r m a t i o n  
# # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #
NPRINT ( c o l . 1 - 5 )  lOPT ( c o l . 6 - 1 0 )
(PRTLOC f o r  1 = 1 ,  NPRINT)
7 0
I . 0 
6 . 0
7 6 . 0  
168 . 0
2 9 7 . 0
3 0 0 . 0
4 0 0 . 0
# # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #
#
# B o u n d a r y  C o n d i t i o n s
#
# # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #
2 0 0 NBOUND ( c o l . 1 - 5 )  IBOUND ( c o l . 6 - 1 0 )
# # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #
0 . 0 0 5  
0 . 0 1  
0 . 0 1 5  
0 . 0 2  
0 . 0 2 5  
0 .  03  
0 . 0 3 5  
0 . 0 4  
0 . 0 4 5  
0 . 0 5  
0 . 0 5 5  
0 . 0 6  
0 . 0 6 5  
0 . 0 7  
0 . 0 7 5  
0 . 0 8  
0 . 0 8 5  
0 . 0 9  
0 . 0 9 5  
0 . 1 0  
0 . 1 0 5  
0 . 1 1  
0 . 1 1 5  
0 , 1 2  
0 . 1 2 5  
0 . 1 3  
0 . 1 3 5  
0 . 1 4  
0 . 1 4 5  
0 . 1 5  
0 . 1 5 5  
0 . 1 6  
0 . 1 6 5  
0 . 1 7  
0 .  1 7 5  
0 . 1 8  
0 . 1 8 5  
0 . 1 9  
0 . 1 9 5
f o r  I = 1 , NBOUND 




#  t  I I
# # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #  
0 . 344
6 . 2
6 . 1 6
6 . 1 1  
6 . 0 7
6 . 0 2
5 .  98
5 . 9 3
5 . 8 9
5 . 8 4
5 . 8 0
5 . 7 6
5 . 7 1
5 . 6 7
5 . 6 2
5 . 5 8
5 . 5 3
5 . 4 9
5 . 4 4
5 . 4
5 . 3 8
5 . 3 7
5 . 3 5
5 . 3 3
5 . 3 1
5 . 2 9
5 . 2 7
5 . 2 5
5 . 2 3
5 . 2 1
5 . 1 9
5 . 1 7
5 . 1 5
5 . 1 3





0 ,  5 0 5 5 . 1
0 . 5 1 5 . 1
0 .  5 1 5 5 . 1
0 . 5 2 5 . 1
0 . 5 2 5 5 . 1
0 .  53 5 . 1
0 . 5 3 5 5 . 1
0 . 5 4 5 . 1
0 . 5 4 5 5 . 1
0 . 5 5 5 . 1
0 . 5 5 5 5 . 1
0 . 5 6 5 . 1
0 . 5 6 5 5 . 1
0 . 5 7 5 . 1
0 . 5 7 5 5 . 1
0 . 5 8 5 . 1
0 . 5 8 5 5 . 1
0 . 5 9 5 . 1
0 . 5 9 5 5 . 1
0 . 6 0 5 . 1
0 .  6 0 5 5 . 1
0 .  61 5 . 1
0 . 6 1 5 5 . 1
0 .  62 5 . 1
0 . 6 2 5 5 . 1
0 .  63 5 . 1
0 . 6 3 5 5 . 1
0 . 6 4 5 . 1
0 . 6 4 5 5 . 1
0 .  65 5 . 1
0 . 6 5 5 5 . 1
0 .  66 5 . 1
0 . 6 6 5 5 . 1
0 - 6 7 5 . 1
0 . 6 7 5 5 . 1
0 .  68 5 . 1
0 . 6 8 5 5 . 1
0 . 6 9 5 . 1
0 . 6 9 5 5 . 1
0 . 7 0 5 . 1
0 . 7 0 5 5 . 1
0 , 7 1 5 - 1
0 . 7 1 5 5 . 1
0 . 7 2 5 . 1
0 . 7 2 5 5 . 1
0 . 7 3 5 . 1
0 . 7 3 5 5 . 1
0 . 7 4 5 . 1
0 . 7 4 5 5 . 1
0 . 7 5 5 . 1
0 . 7 5 5 5 . 1
0 . 7 6 5 - 1
0 . 7 6 5 5 . 1
0 . 7 7 5 . 1
0 . 7 7 5 5 . 1
0 . 7 8 5 . 1
0 . 7 8 5 5 . 1
0 . 7 9 5 . 1
0 . 7 9 5 5 . 1
0 . 8 0 5 , 1
0 . 8 0 5 5 . 1
tH rH r-f 1—1 iH iH T—1 »—1 r—) tH iH tH iH tH tH iH tH tH tH tH tH tH tH t—1 tH tH tH tH tH tH tH tH tH 1—1 tH tH tH tH tH iH tH tH tH tH tH 1—1 1—1 tH iH tH tH tH 1—1 tH tH tH tH tH tH 1—1




























































cn oCM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM (M m CO m CO m CO CO 00 CO CO CO 00 00 00 00 00 00 00 CO 00 TT TT 'T < r 'T tsT TT *T 'T TT 'T UO
O O O O O O O o o o o o o O O o o O O o à o o o o o o c ? o o o o o o o o o o o o Q O O O O o o o o O O O O o o o O o O O o
0 . 8 1 5 . 1
0 , 8 1 5 5 . 1
0 . 8 2 5 . 1
0 . 8 2 5 5 . 1
0 . 8 3 5 . 1
0 . 8 3 5 5 . 1
0 . 8 4 5 . 1
0 . 8 4 5 5 . 1
0 . 8 5 5 . 1
0 . 8 5 5 5 . 1
0 . 8 6 5 . 1
0 . 8 6 5 5 . 1
0 . 8 7 5 . 1
0 . 8 7 5 5 . 1
0 . 8 8 5 . 1
0 .  8 8 5 5 . 1
0 . 8 9 5 . 1
0 . 8 9 5 5 . 1
0 . 9 0 5 . 1
0 . 9 0 5 5 . 1
0 . 9 1 5 . 1
0 . 9 1 5 5 . 1
0 .  92 5 . 1
0 . 9 2 5 5 . 1
0 .  93 5 . 1
0 . 9 3 5 5 . 1
0 . 9 4 5 . 1
0 .  945 5 . 1
0 . 9 5 5 . 1
0 . 9 5 5 5 . 1
0 . 9 6 5 . 1
0 . 9 6 5 5 . 1
0 .  97 5 . 1
0 . 9 7 5 5 . 1
0 . 9 8 5 . 1
0 ,  9 8 5 5 . 1
0 . 9 9 5 . 1
0 . 9 9 5 5 . 1
1 .  00 5 . 1
APPENDIX D.3: OTIS STEADY FLOW  FILE FOR THE
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# # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #
#









# # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #
0 5 0 1 9 9  N o r t h  F o r k  o f  E l k  C r e e k  T r a c e r  I n j e c t i o n  
C o n s e r v a t i v e  T r a n s p o r t  o f  NaCl  & R h o d a m i n e  WT
M o d e l e d  b y :  C h r i s t a - M a r i e  T y r r e l l  
D a t e / T i m e  l a s t  m o d i f i e d :  4 - 1 2 / 9 : 0 5
0 . 0 0  
0 . 1 9 1
QSTEP [ h o u r ]
QSTART [ m' ^S / s e c ond ]
# # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #
f o r  I = 1 ,  NREACH
QLATOUT AREA (CLATIN J=l ,NSOLUTE ;#QLATIN
# 1 1 1 1  
# # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #  
l . O O E - 6  0 . 6 0
l . O O E - 6  0 . 6 0
l . O O E - 7  0 . 8 0
l . O O E - 6  0 . 7 0











APPENDIX D.4: OTIS ECHO FILE FOR THE
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OTIS SOLUTE TRANSPORT MODEL 
V e r s i o n :  MOD40 (May 1 9 9 7 )
R u n t i m e  I n f o r m a t i o n  
D a t e  a n d  Ti me  :
I n p u t  F i l e s
PARAMETER FILE: p a r a m s . i n p  
FLOW FILE : q . i n p
I n p u t  D a t a
N o r t h  F o r k  o f  E l k  C r e e k  T r a c e r  I n j e c t i o n  0 5 0 1 9 9
P r i n t  O p t i o n
R e q u e s t e d  P r i n t  I n t e r v a l  
I n t e g r a t i o n  Ti me S t e p  
S t a r t i n g  Ti me  
E n d i n g  Ti me  
S t a r t i n g  D i s t a n c e
[ h r ]
[ hr ]
[ h r ]
[ hr ]
[L]
D o w n s t r e a m  B o u n d a r y  C o n d i t i o n  [ m a s s / L ^ 2 - s ]  
S i m u l a t i o n  Type  [ d y n a m i c  o r  s t e a d y - s t a t e ]
OOOOOE-02
OOOOOE-03





Number o f  R e a c h e s
R e a c h  I n f o r m a t i o n
Re a c h S t a r t End S t a r t End
N o . S e g . S e g . D i s t a n c e  [L] D i s t a n c e  [L]
1 1 6 . 0 0 0 6 . 0 0 0
2 7 76 6 . 0 0 0 7 6 . 0 0 0
3 77 1 6 8 7 6 . 0 0 0 1 6 8 . 0 0 0
4 169 2 9 7 1 6 8 . 0 0 0 2 9 7 . 0 0 0
5 2 98 46 1 2 9 7 . 0 0 0 4 6 1 . 0 0 0
Number o f  S p a t i a l S e g m e n t s  : 4 61
Re a c h P a r a m e t e r s
R e a c h  N o . 
No
R e a c h S e g m e n t D i s p e r s i o n
S e g s . L e n g t h  [L] L e n g t h  [L] C o e f f . [ L ^ 2 / s ]
1 6 6 . 0 0 0 1 . 0 0 0 5 . OOOOOE-02
2 70 7 0 . 0 0 0 1 .  000 5 . 0 0 0 0 0 E - 0 2
3 92 9 2 . 0 0 0 1 . 0 0 0 5 . OOOOOE-01
4 1 2 9 1 2 9 . 0 0 0 1 . 0 0 0 5 . 0 0 0 0 0 E - 0 2
5 164 1 6 4 . 0 0 0 1 . 0 0 0 5 . OOOOOE-02
S t o r a g e  P a r a m e t e r s
R e a c h  
N o .
S t o r a g e  
Zone  A r e a  
[L"2]
S t o r a g e  
R a t e  
[ / s e c ]
1 l .OOOOOE-02
2 l .OOOOOE-02
3 6 . 0 0 0 0 0 E - 0 2
4 9 . 0 0 0 0 0 E - 0 2
5 9 . 0 0 0 0 0 E - 0 2
1 .OOOOOE-02 
1 . OOOOOE-02 
1 . OOOOOE-02 
1 . OOOOOE-02 
1 . OOOOOE-02
Number o f  S o l u t e s  
D e c a y  O p t i o n  
S o r p t i o n  O p t i o n
Number o f  P r i n t  L o c a t i o n s  : 7
I n t e r p o l a t i o n  O p t i o n  : 0
P r i n t i n g  I n f o r m a t i o n
R e q u e s t e d
P r i n t
L o c a t i o n  [L]
E f f e c t i v e
P r i n t
L o c a t i o n  [L]
1 . 0 0 0  
6 . 0 0 0  
7 6 . 0 0 0  
1 6 8 . 0 0 0
2 9 7 . 0 0 0
3 0 0 . 0 0 0
4 0 0 . 0 0 0
. 5 0 0
5 . 5 0 0
7 5 . 5 0 0
1 6 7 . 5 0 0
2 9 6 . 5 0 0
2 9 9 . 5 0 0
3 9 9 . 5 0 0
F l o w  a n d  A r e a  D a t a
F l o w  O p t i o n  
Fl ow i n t e r v a l [ hr ]  :
S t e a d y  
0 . OOOOOE+OO
I n i t i a l  F l o w  a n d  A r e a  V a l u e s
F l o w r a t e  a t  U p s t r e a m  B o u n d a r y  [ L ^ 3 / s e c ] :  1 . 9 1 0 0 0 E  01
R e a c h  
N o .
L a t e r a l
I n f l o w
[ L T 3 / S - L ]
L a t e r a l
O u t f l o w
[ L T 3 / S - L ]
X - s e c t . 
A r e a  







1 . OOOOOE-06 
1 . OOOOOE-07 
1 . OOOOOE-06 
1 . OOOOOE-06
6 . OOOOOE-01 
6 . 0 0 0 0 0 E - 0 1  
8 . OOOOOE-01 
7 . OOOOOE-01 
7 . OOOOOE-01
I n i t i a l  L a t e r a l  I n f l o w  C o n c e n t r a t i o n s ,  S o l u t e  # 1
R e a c h  
N o .
I n f l o w  
C o n c e n t . 
[ m a s s / L ^ 3 ]
5 . lOOOOE+00 
5 . lOOOOE+00 
5 .  lOOOOE+00 
5 . lOOOOE+00 
5 .  lOOOOE+00
Number o f  U p s t r e a m  B o u n d a r y  C o n d i t i o n s :  2 0 0  
B o u n d a r y  C o n d i t i o n  O p t i o n  : 3
U p s t r e a m  B o u n d a r y  C o n d i t i o n s ,  S o l u t e  # 
B e g i n C o n c e n t r a t i o n
Ti me [ h o u r ] [ m a s s / L ^ 3 ]
5 . OOaOE-03 3 . 4 4 0 0 E - 0 1
1 . OOOOE-02 6 . 2 0 0 0 E + 0 0
1 . 5 0 0 0 E - 0 2 6 . 1 6 0 0 E+ 0 0
2 . QOOOE-02 6 . l l OOE+00
2 . 5 0 0 0 E - 0 2 6 . 0 7 0 0 E + 0 0
3 . OOOOE-02 6 . 0 2 0 0 E + 0 0
3 . 5 0 0 0 E - 0 2 5 . 9 8 0 0 E + 0 0
4 . OOOOE-02 5 , 9 3 0 0 E + 0 0
4 . 5 0 0 0 E - 0 2 5 . 8900E+0Q
5 . 0 0 0 0 E - 0 2 5 . 8 4 0 0 E + 0 0
5 . 5 0 0 0 E - 0 2 5 . 8 0 0 0 E + 0 0
6 . OOOOE-02 5 . 7 6 0 0 E + 0 0
6 . 5 0 0 0 E - 0 2 5 . 7 1 0 0 E + 0 0
7 . OOOOE-02 5 . 6 7 0 0 E + 0 0
7 . 5 0 0 0 E - 0 2 5 . 6 2 0 0 E + 0 0
8 . OOOOE-02 5 . 5 8 0 0 E + 0 0
8 . 5 0 0 0 E - 0 2 5 . 5 3 0 0 E + 0 0
9 . OOOOE-02 5 . 4 9 0 0 E + 0 0
9 . 5 0 0 0 E - 0 2 5 . 4 4 0 0 E + 0 0
1 . OOGOE-01 5 . 4 0 0 0 E + 0 0
1 . 0 5 0 0 E - 0 1 5 . 38 QOE +0 0
1 . lOOOE-01 5 . 3 7 0 0 E + 0 0
1 . 1 5 0 0 E - 0 1 5 . 3 5 0 0 E + 0 0
1 . 2 0 0 0 E - 0 1 5 . 3 3 0 0 E + 0 0
1 . 2 5 0 0 E - 0 1 5 . 3 1 0 0 E + 0 0
1 . 3 0 0 0 E - 0 1 5 . 2 9 0 0 E + 0 0
1 . 3 5 0 0 E - 0 1 5 . 2 7 0 0 E + 0 0
1 . 4 0 Q 0 E - 0 1 5 . 2 5 0 0 E + Q 0
0 0 + 3 0 0 0 1 1 0 - 3 0 0 9 1' *
0 0 + 3 0 0 0 1 *Ç % 0 - 3 0 0 0 1? ‘ &
0 0 + 3 0 0 0 1 ‘ 9 %0 - 3009e  * &
0 0 + 3 0 0 0 1 * 9 %0 - 3 0 0 0 G • t
0 0 + 3 0 0 0 1 * 9 % 0 - 3 0 0 9 Z " &
0 0 + 3 0 0 0 1 * 9 % 0 - 3 0 0 0 Z ' t
0 0 + 3 0 0 0 1 * 9 %0-3009%‘ &
0 0 + 3 0 0 0 % ' 9 %0-3000% * &
0 0 + 3 0 0 0 1 * 9 % 0 - 3 0 0 9 0 * P
0 0 + 3 0 0 0 1 * 9 Ï O - 3 0 0 0 0 ‘ P
00+3000% *9 %0 - 3 0 0 9 6  *e
0 0 + 3 0 0 0 % ' 9 % 0 - 3 0 0 0 6 ‘ 9
00+3000% *9 %0 - 3 0 0 9 8  *9
00+3000% *9 % 0 - 3 0 0 0 8 ' 9
00+3000% *9 %0 - 3 0 0 9 6  ' 9
00+3000% *9 %0 - 3 0 0 0 6 *  9
00  + 3000% * 9 %0 - 3 0 0 9 9  * 9
00+3000% *9 %0- 3 0 0 0 9  *9
00+3000% *9 % 0 - 3 0 0 9 9 * 9
00+3000% *9 % 0 - 3 0 0 0 9 * 9
0 0 + 3 0 0 0 % ‘ 9 %0 - 3 0 0 9 &' 9
00+3000% *9 %0 - 3 0 0 0 &' 9
00+3000% *9 %0 - 3 0 0 9 9  *9
00+3000% *9 % 0 - 3 0 0 0 9 * 9
0 0 + 3 0 0 0 % ‘ 9 % 0 - 3 0 0 9 3 ' 9
00+3000%"9 % 0 - 3 0 0 0 3 * 9
00+3000% *9 %0-3009% * 9
00+3000% *9 %0- 3000%■9
0 0 + 3 0 0 0 % ’ 9 %0 - 3 0 0 9 0  * 9
00+3000%"9 % 0 - 3 0 0 0 0 * 9
00+3000% *9 % 0 - 3 0 0 9 6 ‘ 3
00+3000% *9 %0 - 3 0 0 0 6  * 3
00+3000% *9 %0-30Q98 * 3
0 0 + 3 0 0 0 % ' 9 % 0 - 3 0 0 0 8 ' 3
00+3000% *9 %0 - 3 0 0 9 6  * 3
00+3000% *9 %0- 30006*  3
00+3000% *9 %0 - 30 0 9 9  * 3
00+3000% *9 %0- 3 0 0 0 9  * 3
00+3000% *9 %0 - 3 0 0 9 9  * 3
0 0 + 3 0 0 0 % ' 9 %0 - 3 0 0 0 9  * 3
00+3000% *9 %0- 3009&"3
0 0 + 3 0 0 0 % ' 9 %0- 3000&"3
00+3000% *9 % 0 - 3 0 0 9 9 ' 3
0 0 + 3 0 0 0 % ' 9 %0 - 3 0 0 0 9  * 3
00+3000% *9 % 0 - 3 0 0 9 3 ' 3
00+3000%"9 %0 - 30003*  3
00+3000% *9 %0-3009% * 3
00+3000% *9 %0-3000% * 3
00+3000% *9 % 0 - 3 0 0 9 0 ' 3
0 0 + 3 0 0 0 % ' 9 % 0 - 3 0 0 0 0 * 3
00+3000% *9 %0 - 30 0 9 6  * %
00+3000%"9 %0 - 3 0 0 0 6  * %
00+3000% *9 % 0 - 3 0 0 9 8 '%
00+3000% *9 %o - a o o o 8  * %
00+300%% *9 % 0 - a 0 0 9 6 ■%
00+3009% *9 %0- 30006 ' %
0 0 + 3 0 0 9 %• 9 % 0 - 3 0 0 9 9 ■%
00+3006%"9 % 0 - 3 0 0 0 9 •%
00+3006% *9 %0- 30099*  %
0 0 + 3 0 0 %Z' 9 %0- 30009*  %
0 0 +3 Û 0 9 S  *9 % 0 - 3 0 0 9 t ' %
0 0 + 3 0 0 0 1 *Ç % 0 - 3 0 0 0 9 ' L
0 0 + 3 0 0 0 1 *S %0- 3009t ' %
0 0 + 3 0 0 0 1 * 9 %0- 3000t ' %
0 0 + 3 0 0 0 1 * 9 % 0 - 3 0 0 9 C ' l
0 0 + 3 0 0 0 1 * 9 %0- 3000e*  Z.
0 0 + 3 0 0 0 % ' 9 %0 - 3 0 0 9 Z ' 6
00+3000% *9 %0-3000Z'%
00+3000% *9 %0-3009%‘ L
00+3000% *9 %0-3000% * L
00+3000% *9 % 0 - 3 0 0 9 0 ' L
0 0 + 3 0 0 0 % ' 9 % 0 - 3 0 0 0 0 ' A
0 0 + 3 0 0 0 % ' 9 %0 - 3 0 0 9 6  *9
00+3000% *9 % 0 - 3 0 0 0 6 ‘ 9
00+3000% *9 % 0 - 3 0 0 9 8 ' 9
00+3000% *9 % 0 - 3 0 0 0 8  *9
00+3000% *9 %0-3009Z.  *9
00+3000% *9 % 0 - 3 0 0 0 6 ' 9
0 0 + 3 0 0 0 % ' 9 % 0 - 3 0 0 9 9  *9
0 0 + 3 000%*9 %0 - 3 0 0 0 9  *9
0 0 + 3 0 0 0 % ' 9 %0 - 3 0 0 9 9  *9
00+3000% *9 %0 - 3 0 0 0 9  *9
00+3000% *9 %0 - 3 0 0 9 &' 9
00+3000%"9 %0 - 3 0 0 0 &' 9
00+3000% *9 % 0 - 3 0 0 9 e  *9
00+3000% *9 % 0 - 3 0 0 0 e  *9
00+3000% * 9 % 0 - 3 0 0 9 Z ' 9
00+3000% *9 % 0 - 3 0 0 0 2 * 9
0 0 + 3 0 0 0 % ' 9 %0-3009% *9
00+3000%"9 %0-3000% *9
0 0 + 3 0 0 0 % ' 9 %0 - 3 0 0 9 0  *9
00+3000% * 9 %0 - 3 0 0 0 0  *9
00+3000% *9 % 0 - 3 0 0 9 6 '9
00+3000% * 9 %0 - 3 0 0 0 6  *9
0 0 + 3 0 0 0 % ' 9 %0 - 3 0 0 9 8  *9
0 0 + 3 0 0 0 % ' 9 % 0 - 3 0 0 0 8 ' 9
0 0 + 3 0 0 0 % ‘ 9 % 0 - 3 0 0 9 L ' 9
00+3000%"9 % 0 - 3 0 0 0 A ' 9
00+3000% *9 %0 - 3 0 0 9 9  *9
00+3000% * 9 % 0 - 3 0 0 0 9 '9
00+3000%"9 %0 - 3 0 0 9 9  *9
0 0 + 3 0 0 0 % ' 9 %0 - 3 0 0 0 9  *9
00+3000% *9 %0 - 3 0 0 9 &' 9
00+3000% *9 %0 - 3 0 0 0 &' 9
00+3000% *9 % 0 - 3 0 0 9 e  *9
00+3000% *9 %0 - 3 0 0 0 9  *9
00+3000% *9 % 0 - 3 0 0 9 Z ' 9
0 0 + 3 0 0 0 % ' 9 % 0 - 3 0 0 0 Z ' 9
00+3000% *9 %0-3009% *9
00+3000% *9 %0-3000% *9
00+3000% *9 %0 - 3 0 0 9 0  *9
00+3000% *9 % 0 - 3 0 0 0 0 ‘ 9
00+3000% *9 %0 - 3 0 0 9 6  * &
00+3000% *9 %0 - 3 0 0 0 6  * &
00+3000% *9 %0 - 3 0 0 9 8 ' &
00+3000% *9 %0 - 3 0 0 0 8  * V
00+3000%*9 % 0 - 3 0 0 9 A • V
00+3000% *9 % 0 - 3 0 0 0 6 ' t
00+3000% * 9 %0- 3 0 0 9 9  * &
0 0 + 3 0 0 0 % ‘ 9 %0- 3 0 0 0 9  * V
00+3000% *9 %0 - 3 0 0 9 9  * &
0 0 + 3 0 0 0 % ' 9 %0 - 3 0 0 0 9 ' &
7 . 5 5 0 0 E - 0 1 5 . lOOOE+00
7 . 6 0 0 0 E - 0 1 5 . lOOOE+00
7 . 6 5 0 0 E - 0 1 5 . lOOOE+00
7 . 7 0 0 0 E - 0 1 5 . lOOOE+00
7 . 7 5 0 0 E - 0 1 5 . lOOOE+00
7 . 8 0 0 0 E - 0 1 5 . lOOOE+00
7 . 8 5 0 0 E - 0 1 5 . lOOOE+00
7 . 9 0 0 0 E - 0 1 5 . lOOOE+00
7 . 9 5 0 0 E - 0 1 5 . lOOOE+00
8 . OOOOE-01 5 . lOOOE+00
8 . 0 5 0 0 E - 0 1 5 . lOOOE+00
8 . lOOOE-01 5 . lOOOE+00
B . 1 5 0 0 E - 0 1 5 . lOOOE+00
8 . 2 0 0 0 E - 0 1 5 . lOOOE+00
8 . 2 5 0 0 E - 0 1 5 . lOOOE+00
8 . 3 0 0 0 E - 0 1 5 . lOOOE+00
8 . 3 5 0 0 E - 0 1 5 . lOOOE+00
8 . 4 0 0 0 E - 0 1 5 . lOOOE+00
8 . 4 5 0 0 E - 0 1 5 . lOOOE+00
8 . 5 0 0 0 E - 0 1 5 . lOOOE+00
8 . 5 5 0 0 E - 0 1 5 . lOOOE+00
8 . 6 0 0 0 E - 0 1 5 . lOOOE+00
8 . 6 5 0 0 E - 0 1 5 . lOOOE+00
8 . 7 0 0 0 E - 0 1 5 . lOOOE+00
8 . 7 5 0 0 E - 0 1 5 . lOOOE+00
8 . 8 0 0 0 E - 0 1 5 . lOOOE+00
8 . 8 5 0 0 E - 0 1 5 . lOOOE+00
8 . 9 0 0 0 E - O I 5 . lOOOE+00
8 . 9 5 0 0 E - 0 1 5 . lOOOE+00
9 . 0 0 0 0 E - 0 1 5 , lOOOE+00
9 . 0 5 0 0 E - 0 1 5 . lOOOE+00
9 . lOOOE-01 5 . lOOOE+00
9 . 1 5 0 0 E - 0 1 5 . lOOOE+00
9 . 2 0 0 0 E - 0 1 5 . lOOOE+00
9 . 2 5 0 0 E - 0 1 5 . lOOOE+00
9 . 3 0 0 0 E - 0 1 5 . lOOOE+00
9 . 3 5 0 0 E - 0 1 5 . lOOOE+00
9 . 4 0 0 0 E - 0 I 5 . lOOOE+00
9 . 4 5 0 0 E - 0 1 5 . lOOOE+00
9 . 5 0 0 0 E - 0 1 5 . lOOOE+00
9 . 5 5 0 0 E - 0 1 5 . lOOOE+00
9 . 6 0 0 0 E - 0 1 5 . lOOOE+00
9 . 6 5 0 0 E - 0 1 5 . lOOOE+00
9 . 7 0 0 0 E - 0 1 5 . 1 0 0 0 E + 0 0
9 . 7 5 0 0 E - 0 1 5 . lOOOE+00
9 . 8 0 0 0 E - 0 1 5 . lOOOE+00
9 . 8 5 0 0 E - 0 1 5 . 1 0 0 0 E + 0 0
9 . 9 0 0 0 E - 0 1 5 . lOOOE+00
9 . 9 5 0 0 E - 0 1 5 . lOOOE+00
1 . OOOOE+dO 5 . lOOOE+00
O u t p u t  F i l e s  f o r  S o l u t e s  
S o l u t e  # F i l e  Name
1 s o l u t e . o u t
I n i t i a l  C o n d i t i o n s  a t  t h e  P r i n t  L o c a t i o n s
L o c a t i o n P r e v . I n t e r . F l o w
[L] S e g . W e i g h t [ L T 3 / s e c ]
. 5 0 1 0 . OOOOOOE+00 1 . 9 0 9 9 9 5 E - 0 1
5 . 5 0 6 0 . OOOOOOE+00 1 . 9 0 9 9 5 1 E - 0 1
7 5 . 5 0 76 0 . OOOOOOE+00 1 . 9 0 9 3 2 1 E - 0 1
1 6 7 . 5 0 168 0 . OOOOOOE+00 1 . 9 1 8 3 7 5 E - 0 1
2 9 6 . 5 0 2 9 7 0 . OOOOOOE+00 1 . 9 1 7 2 6 8 E - 0 1
2 9 9 . 5 0 3 0 0 0 . OOOOOOE+00 1 . 9 1 7 2 4 1 E - 0 1
3 9 9 . 5 0 4 0 0 0 . OOOOOOE+00 1 . 9 1 6 3 4 1 E - 0 1
I n i t i a l  C o n d i t i o n s ,  S o l u t e  # 1
L o c a t i o n
[L]
C o n c e n t r a t i o n  
C h a n n e l  S t o r a g e
[ m a s s / L ^ 3 ]  tmas s / L' ^3]
. 50 
5 . 5 0  
7 5 .  50
1 6 7 . 5 0
2 9 6 . 5 0
2 9 9 . 5 0
3 9 9 . 5 0
3 . 4 4 0 E - 0 1  
3 . 4 4 0 E - 0 1  
3 . 4 4 4 E - 0 1  
3 . 6 7 0 E - 0 1  
3 . 6 7 3 E - 0 1  
3 . 6 7 3 E - 0 1  
3 . 6 7 6 E - 0 1
3 . 4 4 0 E - 0 1  
3 . 4 4 0 E - 0 1  
3 . 4 4 4 E - 0 1  
3 . 6 7 0 E - 0 1  
3 . 6 7 3 E - 0 1  
3 . 6 7 3 E - 0 1  
3 . 6 7 6 E - 0 1
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5 . OOO O O OE- 03  
3 . 6 7 3 2 0 3 E - 0 1  3 .
3 . 6 7 3 1 2 8 E - 0 1  3 .
4 . 5 0 0 Û 0 0 E - 0 2  
3 . 6 7 3 2 0 3 E - 0 1  3 .
3 . 6 7 3 1 2 8 E - 0 1  3 .
8 . 5 0 0 0 0 0 E - 0 2  
3 . 6 7 3 2 0 3 E - 0 1  3 .
3 . 6 7 3 1 2 8 E - 0 1  3 .
1 . 2 5 0 0 0 0 E - 0 1  
3 . 6 7 3 2 0 3 E - 0 1  3 .
3 - 6 7 3 1 2 8 E - 0 1  3 .
1 , 6 5 0 0 0 0 E - 0 1  
3 . 6 7 3 2 0 3 E - 0 1  3 .
3 . 6 7 3 1 2 8 E - 0 1  3 .
2 . 0 5 0 0 0 0 E - 0 1  
3 . 6 7 3 2 0 8 E - 0 1  3 .
3 . 6 7 3 1 3 5 E - 0 1  3 .
2 . 4 5 0 0 0 0 E - 0 1  
3 . 6 8 1 7 3 9 E - 0 1  3 .
3 . 6 8 2 0 6 1 E - 0 1  3 .
2 . 8 5 0 0 0 0 E - 0 1  
4 . 8 4 4 3 1 3 E - 0 1  3 .
4 . 8 6 1 2 5 3 E - 0 1  4 .
3 . 2 5 0 0 0 0 E - 0 1  
2 . 0 9 9 1 1 9 E + 0 0  3 .
2 . 0 9 4 9 0 8 E + 0 0  1 .
3 . 6 5 0 0 0 0 E - 0 1  
4 . 8 7 4 9 5 8 E + 0 0  3 .
4 . 8 6 1 2 9 6 E + 0 0  4 .
4 . 0 5 0 0 0 0 E - 0 1  
5 . 5 4 4 4 2 6 E + 0 0  6 .
5 . 5 4 2 4 7 7 E + 0 0  5 .
4 . 4 5 0 0 0 0 E - 0 1  
5 . 3 8 1 2 8 2 E + 0 0  2 .
5 . 3 8 2 0 4 7 E + 0 0  5 .
4 . 8 5 0 0 0 0 E - 0 1  
5 . 2 1 3 4 5 6 E + 0 0  4 .
5 . 2 1 4 1 2 4 E + 0 0  5 .
5 . 2 5 0 0 0 0 E - 0 1  
5 . 1 2 3 0 0 8 E + Û 0  5 .
5 . 1 2 3 3 7 9 E + 0 0  5 .
5 . 6 5 0 0 0 0 E - 0 1  
5 . 1 0 2 1 1 8 E + 0 0  5 .
5 . 1 0 2 1 8 2 E + 0 0  5 .
6 . 0 5 0 0 0 0 E - 0 1  
5 . 1 0 0 1 1 2 E + 0 0  5 .
5 . 1 0 0 1 1 6 E + 0 0  5 .
6 . 4 5 0 0 0 0 E - 0 1  
5 . 1 0 0 0 0 4 E + 0 0  5 .
5 . 1 0 0 0 0 4 E + 0 0  5 .
6 . 8 5 0 0 0 0 E - 0 1  
5 . 1 0 0 0 0 0 E + 0 0  5 .
5 . 1 0 0 0 0 0 E + 0 0  5 .
7 . 2 5 0 0 0 0 E - 0 1  
5 . 1 0 0 0 0 0 E + 0 0  5 .
5 . 1 0 0 0 0 0 E + 0 0  5 .
7 . 6 5 0 0 0 0 E - 0 1  
5 . 1 0 0 0 0 0 E + 0 0  5 .
5 . 1 0 0 0 0 0 E + 0 0  5 .
8 . 0 5 0 0 0 0 E - 0 1  
5 . 1 0 0 0 0 0 E + 0 0  5 .
5 . 1 0 0 0 0 0 E + 0 0  5 .
B . 4 5 0 0 0 0 E - 0 1  
5 . 1 0 0 0 0 0 E + 0 0  5 .
5 . 1 0 0 0 0 0 E + 0 0  5 .
8 . 8 5 0 0 0 0 E - 0 1  
5 . 1 0 0 0 0 0 E + 0 0  5 .
5 . 1 0 0 0 0 0 E + 0 0  5 .
9 . 2 5 0 0 0 0 E - 0 1  
5 . 1 0 0 0 0 0 E + 0 0  5 .
5 . 1 0 0 0 0 0 E + 0 0  5 .
9 . 6 5 0 0 0 0 E - 0 1  
5 . 1 0 0 0 0 0 E + 0 0  5 .
5 . 1 0 0 0 0 0 E + 0 0  5 .
1 . 0 0 5 0 0 0 E + 0 0  
5 . 1 0 0 0 0 0 E + 0 0  5
3 . 4 4 0 0 1 2 E - 0 1  
6 7 5 6 7 2 E - 0 1  3 .
6 7 3 2 0 3 E - 0 1  3 ,
5 . B 8 0 2 2 1 E + 0 0  
6 7 5 6 7 2 E - 0 1  5 ,
6 7 3 2 0 3 E - 0 1  3 ,
5 . 5 3 7 9 3 2 E + 0 0  
6 7 5 6 7 2 E - 0 1  5 ,
6 7 3 2 0 3 E - 0 1  3 .
5 . 3 1 2 3 8 7 E + 0 0  
6 7 5 6 7 2 E - 0 1  5 ,
6 7 3 2 0 3 E - 0 1  3 ,
5 . 1 5 1 7 8 0 E + 0 0  
6 7 5 6 7 2 E - 0 1  5 .
6 7 3 2 0 3 E - 0 1  3 ,
5 . 0 9 9 9 2 1 E + 0 0  
6 7 5 6 7 2 E - 0 1  5 .
6 7 3 2 0 6 E - 0 1  3 .
5 . 0 9 9 9 9 9 B + 0 0  
6 7 5 6 7 2 E - 0 1  5 ,
6 7 8 7 7 1 E - 0 1  3 .
5 .  l O O O O O E + 0 0  
6 7 5 6 7 2 E - 0 1  5 ,
5 4 3 9 0 8 E - 0 1  3 .
5 . l O O O O O E + 0 0  
6 7 5 9 3 5 E - 0 1  5 .
8 5 4 8 1 0 E + 0 0  3 .
5 . l O O O O O E + 0 0  
7 4 1 6 0 9 E - 0 1  5 .
6 9 5 5 0 8 E + 0 0  3 .
5 . 1 0 0 0 0 0 E + 0 0  
4 5 3 8 1 6 E - 0 1  5 .
5 4 0 0 6 7 E + 0 0  5 .
5 . 1 0 0 0 0 0 E + 0 0  
5 4 9 9 9 9 E + 0 0  5 .
3 9 8 9 8 4 E + 0 0  2 .
5 . l O O O O O E + 0 0  
9 8 1 8 8 4 E + 0 0  5 .
2 2 6 1 1 5 E + 0 0  4 ,
5 . l O O O O O E + 0 0  
5 1 5 1 9 4 E + 0 0  5 ,
1 2 7 7 8 5 E + 0 0  5 ,
5 . l O O O O O E + 0 0  
3 5 6 7 3 0 E + 0 0  5 .
1 0 2 7 6 6 E + 0 0  5 .
5 . l O O O O O E + 0 0  
1 9 9 3 5 8 E + 0 0  5 .
1 0 0 1 5 4 E + 0 0  5 .
5 . l O O O O O E + 0 0  
1 2 0 0 4 1 E + 0 0  5 .
1 0 0 0 0 6 E + 0 0  5 .
5 . l O O O O O E + 0 0  
1 0 1 9 3 8 E + 0 0  5 .
l O O O O O E + 0 0  5 .  
5 . 1 0 0 0 0 0 E + 0 0  
1 0 0 1 0 8 E + 0 0  5 .
l O O O O O E + 0 0  5 .  
5 . l O O O O O E + 0 0  
1 0 0 0 0 4 E + 0 0  5 .
l O O O O O E + 0 0  5 .  
5 . 1 0 0 0 0 0 E + 0 0  
l O O O O O E + 0 0  5 .  
l O O O O O E + 0 0  5 .  
5 . 1 0 0 0 0 0 E + 0 0  
l O O O O O E +0 0  5 .  
l OO O O O E + 00  5 .  
5 . 1 0 0 0 0 0 E + 0 0  
. l OO O O O E +0 0  5 .  
- l O OO O O E + 00  5 .  
5 . l O O O O O E +0 0  
. l O O O O O E + 0 0  5 .  
. lOOOOOE+0 0  5 .  
5 . 1 0 0 0 0 0 E + 0 0  
. l OOOOOE+ 00  5 .  
. l OOOOOE+0 0  5 .  
5 . 1 0 0 0 0 0 E + 0 0  
- l O OO O O E +0 0  5
3 . 4 4 0 1 3 7 E - 0 1  
4 4 0 0 1 2 E - 0 1  3 .
6 7 5 6 7 2 E - 0 1  
5 , 7 2 3 7 1 2 E + 0 0  
7 8 2 9 6 5 E + 0 0  5 .
6 7 5 6 7 2 E - 0 1  
5 . 5 5 1 7 4 0 E + 0 0  
5 3 7 3 2 8 E + 0 0  5 .
6 7 5 6 7 2 E - 0 1  
5 . 3 2 8 4 7 1 E + 0 0  
3 1 3 6 5 8 E + 0 0  5 .
6 7 5 6 7 2 E - 0 1  
5 . 1 7 0 0 4 6 E + 0 0  
1 5 3 6 0 1 E + 0 0  5 .
6 7 5 6 7 2 E - 0 1  
5 . 0 9 9 7 5 1 E + 0 0  
0 9 9 9 5 1 E + 0 0  5 .
6 7 5 6 7 2 E - 0 1  
5 . 0 9 9 9 6 8 E + 0 0  
l O O O O O E + 0 0  5 .  
6 7 5 6 7 2 E - 0 1  
5 . 0 9 9 9 9 5 E + 0 0  
l O O O O O E + 0 0  5 .  
6 7 5 6 7 2 E - 0 1  
5 . l O O O O O E +0 0  
l O O O O O E + 0 0  5 .  
6 7 5 8 4 1 E - 0 1  
5 . l O O O O O E +0 0  
l O O O O O E + 0 0  5 .  
7 2 2 3 4 1 E - 0 1  
5 . l O O O O O E + 0 0  
l O O O O O E + 0 0  5 .  
8 7 1 2 8 6 E - 0 1  
5 * l O O O O O E + 0 0  
l O O O O O E + 0 0  5 .  
3 0 4 0 6 9 E + 0 0  
5 - l O O O O O E + 0 0  
l O O O O O E + 0 0  5 .  
8 3 4 0 2 7 E + 0 0  
5 .  l O O O O O E + 0 0  
l O O O O O E + 0 0  5 .  
5 1 3 4 9 9 E + 0 0  
5 .  l O O O O O E + 0 0  
l O O O O O E + 0 0  5 .  
3 7 3 5 4 9 E + 0 0  
5 . l O O O O O E + 0 0  
l O O O O O E + 0 0  5 .  
2 1 0 8 9 7 E + 0 0  
5 . l O O O O O E + 0 0  
l O O O O O E + 0 0  5 .  
1 2 4 1 4 2 E + 0 0  
5 . l O O O O O E + 00  
lOOOOOE+OO 5 .  
1 0 2 5 1 4 E + 0 0  
5 . l O O O O O E + 0 0  
l O O O O O E + 0 0  5 .  
1 0 0 1 4 8 E + 0 0  
5 .  l O O O O O E + 0 0  
l O O O O O E + 0 0  5 .  
1 0 0 0 0 6 E + 0 0  
5 .  l O O O O O E + 0 0  
l O O O O O E + 0 0  5 .  
l O O O O O E + 0 0  
5 . l O O O O O E + 0 0  
l O O O O O E + 0 0  5 .  
l O O O O O E + 0 0  
5 . l O O O O O E + 0 0  
l O O O O O E + 0 0  5 .  
l O O O O O E + 0 0  
5 - l O O O O O E + O O  
l O O O O O E + 0 0  5 .  
l O O O O O E + 0 0  
5 . l O O O O O E + 0 0  
l O O O O O E + 0 0  5 .  
l O O O O O E +0 0  
5 . l O O O O O E + 0 0  
l O O O O O E +0 0  5 .
3 .  4 4 4 0 6 6 E - 0 1  
4 4 0 1 3 7 E - 0 1  3 .
3 . 4 7 5 4 0 8 E - 0 1  
6 8 4 8 2 6 E + 0 0  3 .
5 . 4 1 6 7 8 3 E + 0 0  
5 4 6 4 6 2 E + 0 0  5 .
5 . 9 0 4 0 1 2 E + 0 0  
3 2 8 2 5 2 E + 0 0  5 .
5 . 4 7 5 1 6 5 E + 0 0  
1 7 1 6 4 2 E + 0 0  5 .
5 . 2 5 5 2 2 4 E + 0 0  
0 9 9 6 9 9 E + 0 0  5 .
5 . 1 1 2 8 0 3 E + 0 0  
0 9 9 9 7 4 E + 0 0  5 ,
5 . 0 9 9 3 1 0 E + 0 0  
0 9 9 9 9 5 E + 0 0  5 .
5 . 1 0 0 1 8 8 E + 0 0  
0 9 9 9 9 9 E + 0 0  5 .
5 . 0 9 9 8 7 6 E + 0 0  
l O OO O O E +0 0  5 .
5 . 0 9 9 9 9 4 E + 0 0  
l O OO O O E +0 0  5 .
5 . 1 0 0 0 0 7 E + 0 0  
l O O O O O E + 0 0  5 .
5 . 1 0 0 0 0 3 E + 0 0  
l O O O O O E + 0 0  5 .
5 . l OO O O O E + 00  
l O O O O O E + 00  5 .
5 .  lOOOOOE-t-00 
l O O O O O E + 00  5 .
5 . l OO O O O E +0 0  
l O O O O O E + 0 0  5 .
5 . l O O O O O E + 0 0  
l O O O O O E + 0 0  5 .
5 . 1 0 0 0 0 0 E + 0 0  
l O O O O O E + 0 0  5 .
5 .  l O O O O O E + 0 0  
l O O O O O E + 0 0  5 .
5 . l O O O O O E + 0 0  
l O O O O O E + 0 0  5 .
5 . 1 0 0 0 0 0 E + 0 0  
l O O O O O E + 0 0  5 .
5 . l O O O O O E + 0 0  
l O O O O O E + 0 0  5 .
5 . l O O O O O E + 0 0  
l O O O O O E + 0 0  5 ,
5 . l O O O O O E + 0 0  
l O O O O O E + 0 0  5 .
5 . 1 0 0 0 0 0 E + 0 0  
l O O O O O E + 0 0  5 .
5 .  lOOOOOE-t-00 
l O O O O O E + 0 0  5,
3 . 6 6 9 9 5 9 E - 0 1  
4 4 4 0 6 6 E - 0 1  3 .
3 . 6 6 9 9 5 9 E - 0 1  
4 7 1 9 1 2 E  0 1  3,
3 . 6 6 9 9 7 0 E - 0 1  
2 7 4 5 7 7 E + 0 0  3,
3 . 7 5 6 7 5 8 E - 0 1  
9 3 5 3 7 3 E + 0 0  3 .
1 . 2 6 4 5 4 1 E + 0 0  
4 8 4 7 9 3 E + 0 G  1 .
4 . 5 4 8 7 0 2 E + Ü 0  
2 6 0 2 3 2 E + Ü Ü  4 .
5 . 5 8 4 4 5 0 E + 0 0  
1 1 3 0 3 1 E + 0 0  5 .
5 . 4 2 7 6 2 7 E + 0 0  
0 9 9 7 1 0 E + 0 0  5 .
5 . 2 4 4 2 5 5 E + 0 0  
l D O l l O E + 0 0  5 .
5 .  1 3 1 2 0 8 E  + 0Ü 
0 9 9 8 7 2 E + 0 0  5 .
5 . 1 0 2 7 8 5 E + 0 0  
1 0 0 0 0 3 E + 0 0  5 .
5 . 1 0 0 1 3 9 E + 0 0  
1 Q 0 0 Ü 9 E + 0 0  5 .
5 . 1 0 0 0 0 5 E + 0 0  
1 0 0 0 0 2 E + 0 0  5 .
5 . l OO O O O E + 00  
l O O O O O E + 00  5 .
5 . l OO O O O E + 00  
l O O O O O E + 00  5 .
5 . 1 0 0 0 0 0 E + 0 0  
l O O O O O E + 0 0  5 .
5 . l OO O O O E + 00  
l OO O O O E + 00  5 .
5 . lOOOOOE+OO 
l O O O O O E + 0 0  5 .
5 . l O O O O O E +0 0  
, 1 0 0 0 0 0 E + O Q  5 .
5 . l O O O O O E +0 0  
, 1 0 0 0 C O E + 0 0  5 .
5 . l OO O O O E + 00  
, l OO O O O E +0 0  5 .
5 . l OO O O O E +0 0  
, l O O O O O E + 00  5 .
5 . l OO O O O E +0 0  
. l O O O O O E + 00  5 .
5 . l OO O O O E + 00  
. l O O O O O E + 0 0  5 .
5 . l O O O O O E +0 0  
. l O O O O O E + 0 0  5 ,
5 .  lOOOOOE+OO 
. l O O O O O E + 0 0  5
3 . 6 7 3 1 2 8 E - G 1  
6 6 9 9 5 9 E - 0 1
3 . 6 7 3 1 2 8 E - 0 1  
6 6 9 9 5 9 E - 0 1
3 . 6 7 3 1 2 8 E - 0 1
6 6 9 9 6 6 E - 0 1
3 . 6 7 3 1 2 8 E - 0 1  
7 3 4 8 2 4 E - 0 1
3 . 6 7 3 1 2 8 E - 0 1  
1 4 4 5 0 6 E + 0 0
3 . 6 7 3 1 3 9 E - 0 1  
4 G 8 3 5 9 E + 0 0
3 . 6 8 6 7 1 5 E - 0 1  
5 7 8 5 6 2 E + 0 0
5 .  2 5 4 3 7 0 E - 0 1  
4 3 8 7 9 8 E + 0 0
2 . 3 5 6 0 1 7 E + 0 0  
2 5 2 5 2 8 E + 0 0
5 . 0 1 9 0 5 8 E + 0 0
1 3 4 7 4 6 E + 0 0
5 . 5 4 0 9 7 9 E + 0 0  
1 0 3 2 4 1 E + 0 0
5 .  3 6 4 5 9 9 E + 0 0  
1 0 0 1 6 6 E + 0 0
5 . 2 0 2 G 4 6 E + 0 0
1 0 G 0 0 6 E + 0 0
5 . 1 1 9 2 0 5 E + 0 0  
l O O O O O E +0 0
5 . 1 0 1 6 6 0 E + 0 0  
lOQOGDE+OO
5 . 1 0 0 0 8 4 E + 0 0  
l O O O O O E +0 0
5 . 1 0 0 0 0 3 E + O G
l O O O O O E +0 0
5 - lOOOQOE+GO 
l OO O O O E +0 0
5 . l OOOOOE +0 0 
l GG O O O E +0 0
5 . l OOOOOE +0 0 
l OO O G G E +0 0
5 .  l OGOOOE +0 0  
l OO O O O E +0 0
5 , l O OO O O E +0 0  
l OG O O O E +0 0
5 . l OOOOGE +0 0  
. lOOOOOE+GO
5 . l GO O O G E +0 0 
, lOOOOOE + 0 0
5 . 1 0 0 0 0 0 E + 0 0  
. l OOOOOE +0 0
5 .  l OGOOGE +0 0  
. l OOOOOE +0 0
5 . 1 0 0 0 0 0 E + 0 0  5 . 1 0 0 0 0 0 E + 0 0  S . l O O O O O E +O O
APPENDK E: THE RECONSTRUCTED ELK CREEK
OTIS MODEL
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APPENDIX E.1: OTIS CONTROL FILE FOR THE
RECONSTRUCTED ELK CREEK
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# # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #
#
# OTIS C o n t r o l  F i l e
# M a i n  S t e m  o f  E l k  C r e e k
# T r a c e r  I n j e c t i o n  0 7 1 4 9 9
#
#
# l i n e  name o f  t h e ;
 #   -----------------------------
# 1 p a r a m e t e r  f i l e
# 2 f l o w  f i l e
# 3 s o l u t e  o u t p u t  f i l e s
#
# # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #  
p a r a m s . i n p  
q . i n p
s o l u t e . o u t
APPENDIX E.2: OTIS PARAM ETER FILE FOR THE
RECONSTRUCTED ELK  CREEK
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# # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #
#
# OTIS P a r a m e t e r  F i l e
#
# 0 7 1 4 9 9  Ma i n  S t e m  o f  E l k  C r e e k  T r a c e r  I n j e c t i o n
# C o n s e r v a t i v e  T r a n s p o r t  o f  NaCl  & Rh o d a mi n e  WT
#
#
# M o d e l e d  b y :  C h r i s t a - M a r i e  T y r r e l l
# D a t e / T i m e  l a s t  m o d i f i e d :
#
# # # # # # # # # # # # # # # # # # # # # # # # # # # # . # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #  
N o r t h  F o r k  o f  E l k  C r e e k  T r a c e r  I n j e c t i o n  0 5 0 1 9 9  
2 I FRTOPT
0 . 0 4  I PSTEP [ h o u r ]
0 . 0 1  I TSTEP [ h o u r ]
0 . 0 1  I TSTART [ h o u r ]
0 1 . 9 2  I TFINAL [ h o u r ]
0 . 0  I XSTART [L]
0 . 0  I DSBOUND [ ( L / s e c ) C U ]
5 I NREACH
# # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #
#
# R e a c h  P h y s i c a l  P a r a m e t e r s
#
#NSEG RCHLEN DISP AREA2 ALPHA
# I I I I
# # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #
23  2 3 . 0  0 . 0 5  0 . 2 5  l . O e - 2
160  1 6 0 . 0  0 . 0 5  0 . 2 5  l . O e - 2
1 8 3  1 8 3 . 0  0 . 5 0  0 . 7 0  l . O e - 2
183  1 8 3 . 0  0 . 5 0  1 . 4 0  l . O e - 2
1 4 6  1 4 6 . 0  0 . 5 0  1 . 4 0  l . O e - 2
# # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #
#
# Number o f  S o l u t e s  a n d  f l a g s  f o r  d e c a y  a n d  s o r p t i o n
#
# NSOLUTE ( c o l . 1 - 5 )  I D E C A Y ( c o l . 6 - 1 0 )  I S O R B ( c o l . 1 1 - 1 5 )
#
f t  I I
# # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #
1 0  0
# # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #
#
# D e c a y  C o e f f i c i e n t s  (IDECAY=1,  o n l y )
#




# # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #  
# # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #
#
# S o r p t i o n  P a r a m e t e r s  ( I S 0 R B = 1 ,  o n l y )
#
# f o r  1 = 1 ,  NREACH
#
#LAMHAT LAMHAT2 RHO KD CSBACK
# 1 1 1 1  
########################################################### 
# # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #
# P r i n t  I n f o r m a t i o n  
# # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #
NPRINT ( c o l . 1 - 5 )  lOPT ( c o l . 6 - 1 0 )
(PRTLOC f o r  1 = 1 ,  NPRINT)
6 0 
1 . 0
2 3 . 0  
1 8 3 .  0
3 6 6 . 0  
5 4 9 .  0 
694 . 0
# # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #
#
# B o u n d a r y  C o n d i t i o n s
#
# # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #
192 NBOUND ( c o l . 1 - 5 )  IBOUND ( c o l . 6 - 1 0 )




# 1 1 1
# # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #
0 . 0 1  
0 . 0 2  
0 . 0 3  
0 . 0 4  
0 . 0 5  
0 . 0 6  
0 . 0 7  
0 .  08 
0 .  09 
0 . 1 0  
0 . 1 1  
0 . 1 2  
0 . 1 3  
0 . 1 4  
0 . 1 5  
0 . 1 6  
0 . 1 7  
0 . 1 8  
0 . 1 9  
0 . 2 0  
0 . 2 1  
0 . 2 2  
0 . 2 3  
0 . 2 4  
0 . 2 5  
0 . 2 6  
0 . 2 7  
0 . 2 8  
0 . 2 9  
0 . 3 0  
0 . 3 1  
0 . 3 2  
0 . 3 3  
0 . 3 4  
0 .  35  
0 . 3 6  
0 . 3 7  
0 . 3 8  
0 . 3 9  
0 . 4 0
f o r  I = 1 , NBOUND 
USBC ( f o r  i = l , NSOLUTE)
0 . 0
5 0 0 0 . 0
5 0 0 0 . 0
5 0 0 0 . 0
5 0 0 0 . 0
5 0 0 0 . 0
5 0 0 0 . 0
5 0 0 0 . 0
5 0 0 0 . 0
5 0 0 0 . 0
5 0 0 0 . 0  
5 0 0 0  . 0
5 0 0 0 . 0  
5 0 0 0  . 0
5 0 0 0 . 0  
5 0 0 0  . 0
5 0 0 0 . 0
5 0 0 0 . 0
5 0 0 0 . 0
5 0 0 0 . 0
5 0 0 0 . 0  
5 0 0 0  . 0
5 0 0 0 . 0
5 0 0 0 . 0
5 0 0 0 . 0
5 0 0 0 . 0
5 0 0 0 . 0
5 0 0 0 . 0
5 0 0 0 . 0  
5 0 0 0  . 0
5 0 0 0 . 0  
5 0 0 0  . 0
5 0 0 0 . 0  
5 0 0 0  . 0
5 0 0 0 . 0  
5 0 0 0  . 0
5 0 0 0 . 0
5 0 0 0 . 0
5 0 0 0 . 0
5 0 0 0 . 0
o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o
o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o oo o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o oo o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o oin l / ) lO LO lO m m LO tO lO LO lO lO lO lO LO LO LO LO LO LO lO tO LO LO lO LO lO LO LO lO LO LO 10 LO LO LO tO LO LO LO lO lO LO LO lO LO lO LO LO LO LO LO tO LO LO LO LO LO lO tO
rw(Nj(>i^LOvûr^coa^OrH<Nj(>^<;Tui^t^oocTvOiHCM(^^Ln'^t^oocJ\Oi-i<Nro' îrLO'xir^cocTiOr-icNioo'g"LOvDr'Oo<TiOt-i<Nro'3' iov£>r'00(TiOTH'^^ '̂T' '̂T'cr'!r' t̂niOLnLniouii/)LOir)u^v£) î)\i)UD̂ ii5'Xt^o^£>^Dc^r'Ĉ r'r'r'r t̂^c^r'œcocDcococococooooo<?icri<yiÔ (Ticyio^(y»<Ti<ytO(i>
O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O i - t r H
C \ CTi U i c n U l L n Cn c n c n c n c n iCï iC:̂ CO CO CO CO CO CO CO CO CO CO N ) txO NO r o NO NO NO NO NO NO w h-* t-» h-t (-* w h-* t-» 1-1 i - j
hO O 00 CTi c n CO r \ j (-* o CD 00 - J (Ti c n CO w (-* o CD 00 c n vCi CO 1X0 h-* o CD 00 -0 (7 \ c n CO NO I-* O CD CO - o CN c n  ^ CO NO t -  o o o o o o o o o'XtcO'JcTiüijüwro
c n c n c n c n c n c n c n c n c n c n c n c n c n c n c n c n Cn c n c n c n c n c n c n c n c n c n c n Cn c n c n c n c n c n c n c n c n c n c n c n c n c n c n c n c n c n c n C n c n c n c n C n c n c n c n c n c n c n Cn c n c n c nO O o o o o o o o O O O O o o o O O O O O o o o O o o o o o o O o o o o o o o o o o O O O O Oo o o o O o o o o o o o O Oo O o o o o o o o o O O O o o o O O o o O o o o O o o o o o o o o o o o o o o o o o o O O O O o o o o O o o o o o o o o oo O o o o o o o o o o O O o o o O o o o O o o o Oo Q o o o o o o o O o o o o o o Qo O O O O o o o o o o o o o o o o o o
o o o o o o o o o o o o O o o o o o o o o o o o o o o o o o o o o o o o o o o o o O o O O O o o o o o o o o o o o o o o o
1 . 6 3 5 0 0 0 . 0
1 . 6 4 5 0 0 0 . 0
1 . 6 5 5 0 0 0 . 0
1 . 6 6 5 0 0 0 . 0
1 . 6 7 5 0 0 0  . 0
1 . 6 8 5 0 0 0 . 0
1 . 6 9 5 0 0 0 . 0
1 . 7 0 5 0 0 0 . 0
1 . 7 1 5 0 0 0 . 0
1 . 7 2 5 0 0 0 . 0
1 . 7 3 5 0 0 0 . 0
1 . 7 4 5 0 0 0 . 0
1 . 7 5 5 0 0 0 . 0
1 . 7 6 5 0 0 0 . 0
1 . 7 7 5 0 0 0 . 0
1 . 7 8 5 0 0 0 , 0
1 . 7 9 5 0 0 0 . 0
1 . 8 0 5 0 0 0 . 0
1 . 8 1 5 0 0 0 . 0
1 . 8 2 5 0 0 0 . 0
1 . 8 3 5 0 0 0 . 0
1 . 8 4 5 0 0 0 . 0
1 . 8 5 5 0 0 0 . 0
1 . 8 6 5 0 0 0 . 0
1 . 8 7 5 0 0 0 . 0
1 . 8 6 5 0 0 0 . 0
1 . 8 9 5 0 0 0 . 0
1 . 9 0 5 0 0 0 . 0
1 . 9 1 5 0 0 0  . 0
1 .  92 5 0 0 0 . 0
APPENDIX E.3: OTIS STEADY FLOW FILE FOR THE
RECONSTRUCTED ELK CREEK
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# # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #
#
# OTIS S t e a d y  F l o w F i l e
#
# 0 7 1 4 9 9  Ma i n  S t e m  o f  E l k  C r e e k  T r a c e r  I n j e c t i o n
# C o n s e r v a t i v e  T r a n s p o r t  o f  NaCl  & Rh o d a mi n e  WT
#
#
# M o d e l e d  b y :  C h r i s t a - M a r i e  T y r r e l l
#
# # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #  
0 . 0 0  QSTEP [ h o u r ]
0 . 0 9 8 7  QSTART [ L T 3 / s e c o n d ]
# # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #
# f o r  1 = 1 ,  NREACH
#
#QLATIN QLATOUT AREA (CLATIN J=l ,NSOLUTE)
#  I ! ! !
# # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #
l . OOOE - 6  5 . 0 0 E - 7  0 . 2 5  5 0 0 0 . 0
l . OO OE - 6  5 . 0 0 E - 7  0 . 2 5  5 0 0 0 . 0
l . OOOE - 6  l . O O E - 4  0 . 1 3  5 0 0 0 . 0
l . OOOE- 7  l . O O E - 4  0 . 1 0  5 0 0 0 . 0
l . OOOE- 7  l . O O E - 4  0 . 1 0  5 0 0 0 . 0
A PPE N D K  E.4: OTIS ECHO FILE FOR THE
RECONSTRUCTED ELK CREEK
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OTIS SOLUTE TRANSPORT MODEL 
V e r s i o n :  MOD40 (May 1 9 9 7 )
R u n t i m e  I n f o r m a t i o n  
D a t e  a n d  Ti me :
I n p u t  F i l e s
PARAMETER FILE:  p a r a m s . i n p  
FLOW FILE : q . i n p
I n p u t  D a t a
N o r t h  F o r k  o f  E l k  C r e e k  T r a c e r  I n j e c t i o n  0 5 0 1 9 9
P r i n t  O p t i o n
R e q u e s t e d  P r i n t  I n t e r v a l  
I n t e g r a t i o n  Ti me  S t e p  
S t a r t i n g  Ti me  
E n d i n g  Time  






D o w n s t r e a m  B o u n d a r y  C o n d i t i o n  [ m a s s / L ^ 2 - s ]  
S i m u l a t i o n  T y p e  [ d y n a m i c  o r  s t e a d y - s t a t e ]
4 . OOOOOE-02 
1 . OOOOOE-02 
1 . OOOOOE-02 
1 . 9 2 0 0 0 E + 0 0  
0 . GOOOOE+00 
0 . OOOOOE+GO 
Dynami c
Number o f  R e a c h e s
R e a c h  I n f o r m a t i o n
R e a c h S t a r t End S t a r t
N o . S e g . S e g . D i s t a n c e
1 1 23 . 0 0 0
2 24 18 3 2 3 . 0 0 0
3 184 3 6 6 1 8 3 . 0 0 0
4 3 6 7 5 4 9 3 6 6 . 0 0 0
5 5 5 0 6 9 5 5 4 9 . 0 0 0
Number o f  S p a t i a l S e g m e n t s  :
R e a c h P a r a m e t e r s
End
D i s t a n c e  [L]
695
2 3 . 0 0 0
1 8 3 . 0 0 0
3 6 6 . 0 0 0
5 4 9 . 0 0 0
6 9 5 . 0 0 0
R e a c h  N o . 
N o .
R e a c h S e g m e n t D i s p e r s i o n
S e g s . L e n g t h  [L] L e n g t h  [L] C o e f f . [ L ^ 2 / s ]
1 23 2 3 . 0 0 0 1 . 0 0 0 5 . OOOOOE-02
2 160 1 6 0 . 0 0 0 1 . 0 0 0 5 . OOOOOE-02
3 1 8 3 1 8 3 . 0 0 0 1 . 0 0 0 5 . 0 0 0 0 0 E - 0 1
4 18 3 1 8 3 . 0 0 0 1 . 0 0 0 5 . OOOOOE-Ol
5 1 4 6 1 4 6 . 0 0 0 1 . 0 0 0 5 . OOOOOE-01
S t o r a g e  P a r a m e t e r s
S t o r a g e S t o r a g e
R e a c h Zone  A r e a R a t e
N o . [ L - 2 ] [ / s e c ]
1 2 . 5 0 0 0 0 E - 0 1 1 . OOOOOE-02
2 2 . 5 0 0 0 0 E - 0 1 1 . OOOOOE-02
3 7 . OOOOOE-Ol 1 . OOOOOE-02
4 1 . 4 0 0 0 0 E + 0 0 1 . OOOOOE-02
5 1 . 4 0 0 0 0 E + 0 0 1 . 0 0 0 0 0 E - 0 2
Number  o f  S o l u t e s : 1
D e c a y O p t i o n  : 0
S o r p t i o n  O p t i o n  : 0
Number  o f  P r i n t  L o c a t i o n s  : 6
I n t e r p o l a t i o n  O p t i o n  : 0
P r i n t i n g  I n f o r m a t i o n
R e q u e s t e d E f f e c t i v e
P r i n t P r i n t
L o c a t i o n  [L] L o c a t i o n [L]
1 . 0 0 0 5 00
2 3 . 0 0 0 2 2 . 5 0 0
1 8 3 . 0 0 0 1 8 2  . 500
3 6 6 . 0 0 0 3 6 5 . 500
5 4 9 . 0 0 0 5 4 8 . 5 0 0
6 9 4 . 0 0 0 6 9 3 . 500
F l o w a n d  A r e a  D a t a
F l o w  O p t i o n  
F l o w  i n t e r v a l [hr:
S t e a d y  
0 . OOOOOE+00
I n i t i a l  F l o w  a n d  A r e a  V a l u e s
F l o w r a t e  a t  U p s t r e a m  B o u n d a r y  [ L ' ^ 3 / s e c ] :  9 . 8 7 0 0 0 E - 0 2
L a t e r a l L a t e r a l X - s e c t .
R e a c h  
N o .
I n f l o w
[ 1 T 3 / S - L ]
O u t f l o w
[ 1 T 3 / S - L ]







5 . OOOOOE-07 
5 . 0 0 0 0 0 E - 0 7  
1 . OOOOOE-04 
1 . OOOOOE-04 
1 . OOOOOE-04
2 . 5 0 0 0 0 E - 0 1  
2 . 5 0 0 0 0 E - 0 1  
1 . 3 0 0 0 0 E - 0 1  
1 .OOOOOE-Ol  
1 , OOOOOE-Ol
I n i t i a l  L a t e r a l  I n f l o w  C o n c e n t r a t i o n s ,  S o l u t e  # 1
R e a c h  
N o .
I n f l o w  
C o n c e n t . 
[ mas s / L ' ^3 ]
5 . 0 0 0 0 0 E + 0 3  
5 . OOOOOE+03 
5 . OOOOOE+03 
5 . OOOOOE+03 
5 . OOOOOE+03
Number o f  U p s t r e a m  B o u n d a r y  C o n d i t i o n s :  192  
B o u n d a r y  C o n d i t i o n  O p t i o n  : 3
U p s t r e a m  B o u n d a r y  C o n d i t i o n s ,  S o l u t e  # 1
B e g i n C o n c e n t r a t i o n
Ti me [ h o u r ] [ m a s s / L ^ 3]
1 . OOOOE-02 0 . OOOOE+00
2 . OOOOE-02 5 . OOOOE+03
3 . OOOOE-02 5 . 0 0 0 0 E + 0 3
4 . OOOOE-02 5 . OOOOE+03
5 . OOOOE-02 5 . OOOOE+03
6 . 0 0 0 0 E - 0 2 5 . OOOOE+03
7 . OOOOE-02 5 . 0 0 0 0 E + 0 3
8 . 0 0 0 0 E - 0 2 5 . 0 0 0 0 E + 0 3
9 . OOOOE-02 5 .OOOOE+03
1 . OOOOE-01 5 . 0 0 0 0 E + 0 3
1 .  lOOOE-01 5 . OOOOE+03
1 . 2 0 0 0 E - 0 1 5 . 0 0 0 0 E + 0 3
1 . 3 0 0 0 E - 0 1 5 . OOOOE+03
1 . 4 0 0 0 E - 0 1 5 . OOOOE+03
1 . 5 0 0 0 E - 0 1 5 . OOOOE+03
1 . 6 0 0 0 E - 0 1 5 . OOOOE+03
1 . 7 0 0 0 E - 0 1 5 . 0 0 0 0 E + 0 3
1 . 8 0 0 0 E - 0 1 5 . 0 0 0 0 E + 0 3
1 . 9 0 0 0 E - 0 1 5 . 0 0 0 0 E + 0 3
2 . OOOOE-01 5 . 0 0 0 Ü E + 0 3
2 . lOOOE-01 5 . 0 0 0 0 E + 0 3
2 . 2 0 0 0 E - 0 1 5 . 0 0 0 0 E + 0 3
2 . 3 0 0 0 E - 0 1 5 . 0 0 0 0 E + 0 3
2 . 4 0 0 0 E - 0 1 5 . OOOOE+03
2 . 5 0 0 0 E - 0 1 5 . 0 0 0 0 E + 0 3
2 . 6 0 0 0 E - 0 1 5 . OOOOE+03
2 . 7 0 0 0 E - 0 1 5 . 0 0 0 0 E + 0 3
2 . 8 0 0 0 E - 0 1 5 . 0 0 0 0 E + 0 3
2 . 9 0 0 0 E - 0 1 5 . OOOOE+03
3 . OOOOE-01 5 . OOOOE+03
3 . 1 0 0 0 E - 0 1 5 . OOOOE+03
3 . 2 0 0 0 E - 0 1 5 . OOOOE+03
3 . 3 0 0 0 E - 0 1 5 . OOOOE+03
3 . 4 0 0 0 E - 0 1 5 . OOOOE+03
3 . 5 0 0 0 E - 0 1 5 . OOOOE+03
3 . 6 0 0 0 E - 0 1 5 . OOOOE+03
3 . 7 0 0 0 E - 0 1 5 . OOOOE+03
3 . 8 0 0 0 E - 0 1 5 . OOOOE+03
3 . 9 0 0 0 E - 0 1 5 . OOOOE+03
4 . OOOOE-01 5 , OOOOE+03
4 . 1 0 0 0 E - 0 1 5 . OOOOE+03
4 . 2 0 0 0 E - 0 1 5 . OOOOE+03
4 . 3 0 0 0 E - 0 1 5 . OOOOE+03
4 . 4 0 0 0 E - 0 1 5 . OOOOE+03
4 . 5 0 0 0 E - 0 1 5 . OOOOE+03
4 . 6 0 0 0 E - 0 1 5 . OOOOE+03
4 . 7 0 0 0 E - 0 1 5 . OOOOE+03
4 . 8 0 0 0 E - 0 1 5 . OOOOE+03
4 . 9 0 0 0 E - 0 1 5 . OOOOE+03
5 . 0 0 0 0 E - 0 1 5 . 0 0 0 0 E + 0 3
5 . lOOOE-01 5 . OOOOE+03
5 . 2 0 0 0 E - 0 1 5 . OOOOE+03
5 . 3 0 0 0 E - 0 1 5 . OOOOE+03
5 . 4 0 0 0 E - 0 1 5 . OOOOE+03
5 . 5 0 0 0 E - 0 1 5 . 0 0 0 0 E + 0 3
5 . 6 0 0 0 E - 0 1 5 . OOOOE+03
5 . 7 0 0 0 E - 0 1 5 . OOOOE+03
5 . 8 0 0 0 E - 0 1 5 . OOOOE+03
5 . 9 0 0 0 E - 0 1 5 . OOOOE+03
6 . 0 0 0 0 E - 0 1 5 , OOOOE+03
6 . lOOOE-01 5 . OOOOE+03
6 . 2 0 0 0 E - 0 1 5 . OOOOE+03
6 . 3 0 0 0 E - 0 1 5 . OOOOE+03
6 . 4 0 0 0 E - 0 1 5 . OOOOE+03
6 . 5 0 0 0 E - 0 1 5 . OOOOE+03
6 . 6 0 0 0 E - 0 1 5 . 0 0 0 0 E + 0 3
6 . 7 0 0 0 E - 0 1 5 . OOOOE+03
6 . 8 0 0 0 E - 0 1 5 . 0 0 0 0 E + 0 3
6 . 9 0 0 0 E - 0 1 5 . OOOOE+03
7 . OOOOE-01 5 . 0 0 0 0 E + 0 3
7 . lOOOE-01 5 . OOOOE+03
7 . 2 0 0 0 E - 0 1 5 . 0 0 0 0 E + 0 3
7 . 3 0 0 0 E - 0 1 5 . 0 0 0 0 E + 0 3
7 . 4 0 0 0 E - 0 1 5 . OOOOE+03
7 . 5 0 0 0 E - 0 1 5 . 0 0 0 0 E + 0 3
7 . 6 0 0 0 E - 0 1 5 . 0 0 0 0 E + 0 3
7 . 7 0 0 0 E - 0 1 5 . OOOOE+03
7 . 8 0 0 0 E - 0 1 5 . 0 0 0 0 E + 0 3
7 . 9 0 0 0 E - 0 1 5 . OOOOE+03
8 .OOOOE-01 5 . OOOOE+03
8 . 1 0 0 0 E - 0 1 5 .OOOOE+03
8 . 2 0 0 0 E - 0 1 5 . 0 0 0 0 E + 0 3
8 . 3 0 0 0 E - 0 1 5 . OOOOE+03
8 . 4 0 0 0 E - 0 1 5 . OOOOE+03
8 . 5 0 0 0 E - 0 1 5 . OOOOE+03
8 . 6 0 0 0 E - 0 1 5 . OOOOE+03
8 . 7 0 0 0 E - 0 1 5 . OOOOE+03
8 . 8 0 0 0 E - 0 1 5 . 0 0 0 0 E + 0 3
8 . 9 0 0 0 E - 0 1 5 . OOOOE+03
9 . OOOOE-01 5 . OOOOE+03
9 .  lOOOE-01 5 . OOOOE+03
9 . 2 0 0 0 E - 0 1 5 . 0 0 0 0 E + 0 3
9 . 3 0 0 0 E - 0 1 5 . OOOOE+03
9 . 4 0 0 0 E - 0 1 5 . OOOOE+03
9 . 5 0 0 0 E - 0 1 5 . 0 0 0 0 E + 0 3
9 . 6 0 0 0 E - 0 1 5 . OOOOE+03
9 . 7 0 0 0 E - 0 1 5 .  O'OOOE+03
9 . 8 0 0 0 E - 0 1 5 . OOOOE+03
9 . 9 0 0 0 E - 0 1 5 . OOOOE+03
1 . OOOOE+00 5 . OOOOE+03
1 . OlOOE+00 5 . OOOOE+03
1 . 0 2 0 0 E + 0 0 5 . 0 0 0 0 E + 0 3
1 . 0 3 0 0 E + 0 0 5 . 0 0 0 0 E + 0 3
1 . 0 4 0 0 E + 0 0 5 . OOOOE+03
1 . 0 5 0 0 E + 0 0 5 . 0 0 0 0 E + 0 3
1 . 0 6 0 0 E + 0 0 5 . OOOOE+03
1 . 0 7 0 0 E + 0 0 5 . OOOOE+03
1 . 0 8 0 0 E + 0 0 5 . OOOOE+03
1 . 0 9 0 0 E + 0 0 5 . OOOOE+03
1 . lOOOE+00 5 . OOOOE+03
1 . l l O O E + 0 0 5 . OOOOE+03
1 . 1 2 0 0 E + 0 0 5 . OOOOE+03
1 , 1 3 0 0 E + 0 0 5 . OOOOE+03
1 . 1 4 0 0 E + 0 0 5 . OOOOE+03
1 . 1 5 0 0 E + 0 0 5 . OOOOE+03
1 . 1 6 0 0 E + 0 0 5 . OOOOE+03
1 . 1 7 0 0 E + 0 0 5 . OOOOE+03
1 , 1 8 0 0 E+ 0 0 5 . OOOOE+03
1 . 1 9 00 E + 0 0 5 . OOOOE+03
1 . 2 0 0 0 E + 0 0 5 . OOOOE+03
1 . 2 1 0 0 E + 0 0 5 . OOOOE+03
1 . 2 2 0 0 E + 0 0 5 . OOOOE+03
1 . 2 3 0 0 E + 0 0 5 . OOOOE+03
1 . 2 4 0 0 E + 0 0 5 . OOOOE+03
1 . 2 5 0 0 E + 0 0 5 . OOOOE+03
1 . 2 6 0 0 E + 0 0 5 . OOOOE+03
1 . 2 7 0 0 E + 0 0 5 . OOOOE+03
1 . 2 8 0 0 E + 0 0 5 . OOOOE+03
1 . 2 9 0 0 E + 0 0 5 . OOOOE+03
1 . 3 0 0 0 E + 0 0 5 . OOOOE+03
1 . 3 1 0 0 E+ 0 0 5 . 0 0 0 0 E + 0 3
1 . 3 2 0 0 E + 0 0 5 . OOOOE+03
1 . 3 3 0 0 E + 0 0 5 . OOOOE+03
1 . 3 4 0 0 E + 0 0 5 . OOOOE+03
1 . 3 5 0 0 E + 0 0 5 . 0 0 0 0 E + 0 3
1 . 3 6 0 0 E + 0 0 5 . 0 0 0 0 E + 0 3
1 . 3 7 0 0 E + 0 0 5 . 0 0 0 0 E + 0 3
1 . 3 8 0 0 E + 0 0 5 . OOOOE+03
1 . 3 9 0 0 E + 0 0 5 . 0 0 0 0 E + 0 3
1 . 4 0 0 0 E + 0 0 5 . OOOOE+03
1 . 4 1 0 0 E + 0 0 5 . OOOOE+03
1 . 4 2 0 0 E + 0 0 5 . OOOOE+03
1 . 4 3 0 0 E + 0 0 5 . OOOOE+03
1 . 4 4 0 0 E + 0 0 5 . OOOOE+03
1 . 4 5 0 0 E + 0 0 5 . OOOOE+03
1 . 4 6 0 0 E + 0 0 5 . OOOOE+03
1 . 4 7 0 0 E + 0 0 5 . 0 0 0 0 E + 0 3
1 . 4 8 0 0 E + 0 0 5 . 0 0 0 0 E + 0 3
1 . 4 9 0 0 E + 0 0 5 . 0 0 0 0 E + 0 3
1 . 5 0 0 0 E + 0 0 5 . 0 0 0 0 E + 0 3
1 . 5 1 0 0 E + 0 0 5 . OOOOE+03
1 . 5 2 0 0 E + 0 0 5 . OOOOE+03
1 . 5 3 0 0 E + 0 0 5 . OOOOE+03
1 . 5 4 0 0 E + 0 0 5 . OOOOE+03
1 . 5 5 0 0 E + 0 0 5 . OOOOE+03
1 . 5 6 0 0 E + 0 0 5 . OOOOE+03
1 . 5 7 0 0 E + 0 0 5 . OOOOE+03
1 .  5 8 0 0 E + 0 0 5 . OOOOE+03
1 , 5 9 0 0 E + 0 0 5 . OOOOE+03
1 . 6 0 0 0 E + 0 0 5 . OOOOE+03
1 . 6 1 0 0 E + 0 0 5 . OOOOE+03
1 . 6 2 0 0 E + 0 0 5 . OOOOE+03
1 . 6 3 0 0 E + 0 0 5 . 0 0 0 0E + 0 3
1 . 6 4 0 0 E + 0 0 5 . 0 0 0 0 E + 0 3
1 . 6 5 0 0 E + 0 0 5 . OOOOE+03
1 . 6 6 0 0 E+ 0 0 5 . OOOOE+03
1 . 6 7 0 0 E + 0 0 5 . OOOOE+03
1 . 6 8 0 0 E + 0 0 5 . OOOOE+03
1 . 6 9 0 0 E + 0 0 5 . OOOOE+03
1 . 7 0 0 0 E + 0 0 5 . OOOOE+03
1 . 7 1 0 0 E + 0 0 5 . OOOOE+03
1 . 7 2 0 0 E + 0 0 5 . OOOOE+03
1 . 7 3 0 0 E + 0 0 5 . 0 0 0 0 E + 0 3
1 . 7 4 0 0 E + 00 5 . OOOOE+03
1 . 7 5 0 0 E + 0 0 5 . OOOOE+03
1 . 7 6 0 0 E + 0 0 5 . OOOOE+03
1 . 7 7 0 0 E + 0 0 5 . OOOOE+03
1 . 7 8 0 0 E + 0 0 5 . OOOOE+03
1 . 7 9 0 0 E + 0 0 5 . OOOOE+03
1 . 8 0 0 0 E + 0 0 5 . OOOOE+03
1 . 8 1 0 0 E + 0 0 5 . OOOOE+03
1 . 8 2 0 0 E + 0 0 5 . OOOOE+03
1 . 8 3 0 0 E + 0 0 5 . OOOOE+03
1 . 8 4 0 0 E + 0 0 5 . OOOOE+03
1 . 8 5 0 0 E + 0 0 5 . OOOOE+03
1 . 8 6 0 0 E + 0 0 5 . OOOOE+03
1 . 8 7 0 0 E + 0 0 5 . OOOOE+03
1 . 8 8 0 0 E + 0 0 5 . OOOOE+03
1 . 8 9 0 0 E + 0 0 5 . OOOOE+03
1 . 9 0 0 0 E + 0 0 5 . OOOOE+03
1 . 9 1 0 0 E + 0 0 5 . 0 0 0 0 E + 0 3
1 . 9 2 0 0 E + 0 0 5 . OOOOE+03
O u t p u t  F i l e s f o r S o l u t e s
S o l u t e  # F i l e  Name
1 s o l u t e . o u t
I n i t i a l  C o n d i t i o n s  a t  t h e  P r i n t  L o c a t i o n s
L o c a t i o n  P r e v . I n t e r . F l ow
[L] S e g . W e i g h t [ L " 3 / s e c ]
. 50 1 O.OOOOOOE+00 9 . 8 7 0 0 2 5 E - 0 2
2 2 . 5 0 23 0 . OOOOOOE+00 9 . 8 7 1 1 2 5 E - 0 2
1 8 2 . 5 0 1 8 3 0 . OOOOOOE+00 9 . 8 7 9 1 2 5 E - 0 2
3 6 5 . 5 0 3 6 6 0 . OOOOOOE+00 8 . 0 7 2 4 0 0 E - 0 2
5 4 8 . 5 0 5 4 9 0 . OOOOOOE+00 6 . 2 4 4 2 7 5 E - 0 2
6 9 3 . 5 0 694 0 . OOOOOOE+00 4 . 7 9 5 7 2 5 E - 0 2
I n i t i a l  C o n d i t i o n s ,  S o l u t e  # 1
L o c a t i o n
[L]
C o n c e n t r a t i o n  
C h a n n e l  S t o r a g e
[ m a s s / L ^ 3 ] [mass /L'^3]
. 50  
22 . 50
1 8 2 . 5 0
3 6 5 . 5 0
5 4 8 . 5 0
6 9 3 . 5 0
2 . 5 3 3 E - 0 2  
1 . 1 40 E + 0 0  
9 . 2 5 3 E + 0 0  
1 . 945 E+0 1  
2 . 0 7 3 E+ 0 1  
2 . 2 0 4 E+ 0 1






APPENDIX E.5: OTIS SOLUTE OUTPUT FILE FOR THE
RECONSTRUCTED ELK CREEK
106
l . O O O O O O E - 0 2  
2 . 2 0 4 3 0 1 E + 0 1  2 .
2 . 2 0 4 3 0 1 E + 0 1  
5 . 0 0 0 0 0 0 E - 0 2  
2 . 2 0 4 3 0 1 E + 0 1  3 .
2 . 2 0 4 3 0 1 E + 0 1  
9 . OOOOOOE- 02  
2 . 2 0 4 3 0 1 E + 0 1  4
2 . 2 0 4 3 0 1 E + 0 1  
1 . 3 0 0 0 0 0 E - 0 1  
2 . 2 0 4 3 0 1 E + 0 1  4
2 . 2 0 4 3 0 1 E + 0 1  
1 . 7 0 0 0 0 0 E - 0 1  
2 . 2 0 4 3 0 1 E + 0 1  4
2 . 2 0 4 3 0 1 E + 0 1  
2 . l O O O O O E - 0 1  
2 . 2 0 4 3 0 1 E + 0 1  4
2 . 2 0 4 3 0 1 E + 0 1  
2 . 5 0 0 0 0 0 E - 0 1  
2 . 2 0 4 3 0 1 E + 0 1  4
2 . 2 0 4 3 0 1 E + 0 1  
2 . 9 0 O D 0 0 E - 0 1  
2 . 2 0 4 3 3 4 E + 0 1  4
2 . 2 0 4 3 0 2 E + 0 1  
3 .  3 0 0 0 0 0 E - 0 1  
2 . 2 0 5 4 7 1 E + 0 1  4.
2 . 2 0 4 3 3 8 E + 0 1  
3 . 7 0 0 0 0 0 E - 0 1  
2 . 2 1 9 4 0 1 E + 0 1  4.
2 . 2 0 4 9 3 2 E + 0 1  
4 . l O O O O O E - 0 1  
2 . 2 8 3 2 5 6 E + 0 1  4
2 . 2 0 8 9 7 9 E + 0 1  
4 . 5 0 0 0 0 0 E - 0 1  
2 . 4 2 5 3 3 5 E + 0 1  4
2 . 2 2 2 6 4 6 E + 0 1  
4 . 9 0 0 0 0 0 E - 0 1  
2 . 6 6 2 1 6 8 E + 0 1  5 ,
2 . 2 5 3 4 3 8 E + 0 1  
5 . 3 0 0 0 0 0 E - 0 1  
3 . 0 0 6 5 4 0 E + 0 1  5,
2 . 3 0 9 6 2 0 E + 0 1  
5 . 7 0 0 0 0 0 E - 0 1  
3 . 4 7 0 2 6 2 E + 0 1  5,
2 . 3 9 9 8 1 9 E + 0 1  
6 . 1 0 0 0 0 0 E - 0 1  
4 . 0 6 4 4 9 7 E + 0 1  4 .
2 . 5 3 2 9 2 7 E + 0 1  
6 . 5 0 0 0 0 0 E - 0 1  
4 . 8 0 0 0 6 4 E + 0 1  4 .
2 . 7 1 8 0 4 7 E + 0 1  
6 . 9 0 0 0 0 0 E - 0 1  
5 . 6 8 7 2 5 9 E + 0 1  5 .
2 . 9 6 4 4 2 5 E + 0 1  
7 . 3 0 0 0 0 0 E - 0 1  
6 - 7 3 5 6 3 5 E + 0 1  S.  
3 . 2 8 1 3 7 8 E + 0 1  
7 . 7 0 0 0 0 0 E - 0 1  
7 . 9 5 3 8 5 5 E + 0 1  5 .
3 . 6 7 8 1 9 8 E + 0 1  
8 . 1 0 0 0 0 0 E - 0 1  
9 . 3 4 9 6 1 5 E + 0 1  5 .
4 . 1 6 4 0 7 2 E + 0 1  
8 . 5 0 0 0 0 0 E - 0 1  
1 . 0 9 2 9 6 1 E + 0 2  5 ,
4 . 7 4 7 9 8 7 E + 0 1  
8 . 9 0 0 0 0 0 E - 0 1  
1 . 2 6 9 9 5 3 E + 0 2  5 .
5 . 4 3 8 6 6 1 E + 0 1  
9 . 3 0 0 0 0 0 E - 0 1  
1 . 4 6 6 4 0 7 E + 0 2  5 .
6 . 2 4 4 4 6 4 E + 0 1  
9 . 7 0 0 0 0 0 E - 0 1  
1 . 6 8 2 6 9 2 E + 0 2  5 .
7 . 1 7 3 3 5 5 E + 0 1  
l . O l O O O O E + 0 0  
1 . 9 1 9 0 8 1 E + 0 2  5 .
2 . 5 3 2 9 2 3 E - 0 2  
5 3 2 9 2 3 E - 0 2  1 .
5 , 2 5 4 2 3 2 E + 0 3  
5 3 4 6 6 5 E + 0 3  1 .
5 . 1 5 2 4 1 0 E + 0 3  
6 5 0 0 1 8 E + 0 3  3 .
5 . 0 6 0 6 1 2 E + 0 3  
9 1 5 7 9 6 E + 0 3  4 .
5 . 0 0 8 7 4 4 E + 0 3  
9 7 9 6 7 8 E + 0 3  4 .
4 - 9 9 2 3 0 1 E + 0 3  
9 9 5 2 4 5 E + 0 3  4 .
4 . 9 9 3 9 5 4 E + 0 3  
9 9 9 0 1 3 E + 0 3  4 .
4 . 9 9 9 1 3 2 E + 0 3  
9 9 9 8 3 4 E + 0 3  4 ,
5 . 0 0 1 5 5 8 E + 0 3  
9 9 9 9 5 6 E + 0 3  4 .
5 . 0 0 1 2 2 2 E + 0 3  
9 9 9 9 6 2 E + 0 3  4 .
5 . 0 0 0 1 3 7 E + 0 3  
9 9 9 9 7 6 E + 0 3  5 ,
4 . 9 9 9 6 0 1 E + 0 3  
9 9 9 9 9 5 E + 0 3  4 .
4 . 9 9 9 6 9 8 E + 0 3  
0 0 0 0 0 6 E + 0 3  4 .
4 - 9 9 9 9 7 9 E + 0 3  
0 0 0 0 0 5 E + 0 3  5 .
5 . 0 0 0 1 1 5 E + 0 3  
O O O O O l E + 0 3  5 .
5 . 0 0 0 0 8 3 E + 0 3  
9 9 9 9 9 8 E + 0 3  4 .
5 . 0 0 0 0 0 2 E + 0 3  
9 9 9 9 9 8 E + 0 3  4 .
4 . 9 9 9 9 6 4 E + 0 3  
OOOOOOE+03 5 .
4 . 9 9 9 9 7 6 E + 0 3  
O O O O O l E + 0 3  5 .
5 . 0 0 0 0 0 1 E + 0 3  
OOOOOOE+03 4 .
5 . 0 0 0 0 1 2 E + 0 3  
OOOOOOE+03 4 .
5 . 0 0 0 0 0 7 E + 0 3  
OOOOOOE+03 4 .
4 . 9 9 9 9 9 9 E + 0 3  
OOOOOOE+03 5 .
4 . 9 9 9 9 9 6 E + 0 3  
OOOOOOE+03 5 .
4 . 9 9 9 9 9 8 E + 0 3  
OOOOOOE+03 4 .
5 , OOOOOOE+03 
OOOOOOE+03 4 .
1 .  1 3 9 6 2 1 E  + 0 0  
1 3 9 6 2 1 E + 0 0  9 .
4 - 3 1 2 5 2 3 E + 0 3  
6 1 0 1 1 0 E + 0 3  9 .
4 . 5 9 2 1 9 8 E + 0 3  
7 0 6 2 8 7 E + 0 3  9 ,
4 . 8 0 7 5 3 2 E + 0 3  
5 0 6 6 1 2 E + 0 3  1 ,
4 . 9 6 5 3 7 6 E + 0 3  
8 3 7 6 8 1 E + 0 3  1 .
5 . 0 2 0 8 0 5 E + 0 3  
9 3 9 5 7 4 E + 0 3  7 .
4 . 9 4 6 3 5 5 E + 0 3  
9 8 2 2 5 4 E + 0 3  1 ,
5 , 0 2 5 6 8 5 E + 0 3  
■ 9 9 5 1 8 0 E + 0 3  2 .
5 . 0 0 8 9 7 3 E + 0 3  
9 9 6 8 7 3 E + 0 3  3.
4 . 9 7 8 4 3 6 E + 0 3  
9 9 9 5 1 7 E + 0 3  4.
5 . 0 0 3 8 6 7 E + 0 3  
0 0 0 4 5 8 E + 0 3  4
5 . 0 1 1 5 1 7 E + 0 3  
9 9 9 6 9 3 E + 0 3  4 .
4 . 9 9 5 1 5 7 E + 0 3  
9 9 9 6 8 7 E + 0 3  4 ,
4 . 9 9 3 7 4 4 E + 0 3  
■ 0 0 0 1 7 7 E + 0 3  4
5 . 0 0 3 2 2 3 E + 0 3  
0 0 0 1 5 6 E + 0 3  4
5 . 0 0 3 7 8 7 E + 0 3  
9 9 9 8 9 8 E + 0 3  4 ,
4 . 9 9 8 3 5 3 E + 0 3  
9 9 9 9 0 4 E + 0 3  4 .
4 . 9 9 7 5 3 0 E + 0 3  
0 0 0 0 4 7 E + 0 3  4
5 . 0 0 0 5 5 5 E + 0 3  
0 0 0 0 6 3 E + 0 3  4
5 . 0 0 1 5 9 0 E + 0 3  
9 9 9 9 8 6 E + 0 3  4
5 . 0 0 0 0 7 1 E + 0 3  
9 9 9 9 6 0 E + 0 3  4 ,
4 . 9 9 9 0 7 6 E + 0 3  
9 9 9 9 9 7 E + 0 3  4
4 . 9 9 9 6 6 6 E + 0 3  
0 0 0 0 2 2 E + 0 3  4
5 . 0 0 0 4 3 2 E + 0 3  
0 0 0 0 0 9 E + 0 3  4 .
5 - 0 0 0 3 5 5 E + 0 3  
9 9 9 9 9 1 E + 0 3  4 .
4 . 9 9 9 8 8 5 E  + 0 3  
9 9 9 9 9 1 E + 0 3  4 ,
9 . 2 5 2 8 7 5 E + 0 0  1 . 9 4 4 6 5 1 E + 0 1  2 . 0 7 2 7 4 0 E + 0 1
2 5 2 8 7 5 E + 0 0  1 . 9 4 4 6 5 1 E + 0 1  2 . 0 7 2 7 4 0 E + 0 1
9 . 2 5 2 9 0 2 E + 0 0  1 . 9 4 4 6 5 1 E + 0 1  2 . 0 7 2 7 4 0 E + 0 1
2 5 2 8 8 0 E + 0 0  1 . 9 4 4 6 5 1 E + 0 1  2 . 0 7 2 7 4 0 E + 0 1
9 . 3 6 0 1 8 3 E + 0 0  1 . 9 4 4 6 5 1 E + 0 1  2 . 0 7 2 7 4 0 E + 0 1
2 7 4 6 0 6 E + 0 0  1 . 9 4 4 6 5 1 E + 0 1  2 . 0 7 2 7 4 0 E + 0 1
3 . 0 3 2 1 3 0 E + 0 1  1 . 9 4 4 6 9 2 E + 0 1  2 . 0 7 2 7 4 0 E + 0 1
4 7 5 6 1 8 E + 0 1  1 . 9 4 4 6 5 3 E + 0 1  2 . 0 7 2 7 4 0 E + 0 1
3 . 9 8 9 6 0 5 E + 0 2  1 . 9 5 5 0 7 5 E + 0 1  2 . 0 7 2 7 4 0 E + 0 1
5 8 5 4 3 3 E + 0 2  1 . 9 4 5 2 4 1 E + 0 1  2 . 0 7 2 7 4 0 E + 0 1
1 . 2 7 7 5 9 7 E + 0 3  2 . 4 4 1 6 2 7 E + 0 1  2 . 0 7 2 8 0 1 E + 0 1
4 2 9 3 9 9 E + 0 2  1 . 9 8 2 1 0 3 E + 0 1  2 . 0 7 2 7 4 1 E + 0 1
2 . 2 9 9 5 9 8 E + 0 3  7 . 0 7 2 9 5 8 E + 0 1  2 . 0 7 7 3 0 6 E + 0 1
6 3 3 8 0 Û E + 0 3  2 . 5 2 4 2 9 0 E + 0 1  2 . 0 7 2 8 6 4 E + 0 1
3 . 2 0 7 3 0 7 E + 0 3  1 . 8 7 9 9 7 1 E + 0 2  2 . 1 7 1 2 6 9 E + 0 1
5 8 0 8 5 1 E + 0 3  4 . 9 1 5 4 2 5 E + 0 1  2 . 0 7 6 3 0 6 E + 0 1
3 . 8 9 3 4 0 2 E + 0 3  3 . 6 4 5 8 5 5 E + 0 2  2 . 7 4 3 6 4 8 E + 0 1
3 9 6 7 8 3 E + 0 3  1 . 0 2 3 6 3 7 E + 0 2  2 . 1 0 8 4 6 5 E + 0 1
4 . 3 5 7 3 3 2 E + 0 3  5 . 8 3 7 0 7 2 E + 0 2  4 . 0 6 3 6 0 8 E + 0 1
0 0 7 3 5 0 E + 0 3  1 . 9 0 0 3 6 7 E + 0 2  2 . 2 3 0 5 1 8 E + 0 1
4 . 6 4 6 4 0 9 E + 0 3  8 . 2 9 7 5 5 7 E + 0 2  6 . 1 5 6 8 6 7 E + 0 1
4 1 9 7 1 9 E + 0 3  3 . 1 2 1 3 2 3 E + 0 2  2 . 5 0 7 7 2 4 E + 0 1
4 . 8 1 4 1 2 8 E + 0 3  1 . 0 9 0 6 1 9 E + 0 3  8 . 9 9 0 9 1 8 E + 0 1
6 7 7 1 1 7 E + 0 3  4 . 6 5 3 3 1 2 E + 0 2  2 . 9 9 9 5 4 9 E + 0 1
4 . 9 0 4 8 4 0 E + 0 3  1 . 3 5 7 7 0 6 E + 0 3  1 . 2 5 2 1 8 8 E + 0 2
8 2 7 7 5 5 E + 0 3  6 . 4 4 6 9 9 5 E + 0 2  3 . 7 5 5 3 7 4 E + 0 1
4 . 9 5 2 7 4 1 E + 0 3  1 . 6 2 4 9 8 3 E + 0 3  1 . 6 7 0 6 0 3 E + 0 2
. 9 1 1 2 8 1 E + 0 3  8 . 4 4 7 7 9 9 E + 0 2  4 . 8 1 5 2 4 8 E + 0 1
4 . 9 7 7 8 9 6 E + 0 3  X . 8 8 8 0 9 8 E + 0 3  2 . 1 5 0 4 8 5 E + 0 2
. 9 5 5 7 4 9 E + 0 3  1 . 0 6 0 1 9 8 E + 0 3  6 . 2 1 1 3 2 2 E + 0 1
4 . 9 8 9 3 1 4 E + 0 3  2 . 1 4 3 8 1 8 E + 0 3  2 . 6 8 8 2 7 4 E + 0 2
9 7 8 5 4 1 E + 0 3  1 . 2 8 5 9 6 1 E + 0 3  7 . 9 6 9 0 3 2 E + 0 1
4 . 9 9 5 0 4 0 E + 0 3  2 . 3 8 9 6 9 1 E + 0 3  3 . 2 8 0 4 4 2 E + 0 2
9 8 9 7 6 7 E + 0 3  1 . 5 1 7 5 8 9 E + 0 3  1 . 0 1 0 7 8 8 E + 0 2
4 . 9 9 7 9 1 8 E + 0 3  2 . 6 2 3 8 8 8 E + 0 3  3 . 9 2 3 3 4 6 E + 0 2
. 9 9 5 2 3 9 E + 0 3  1 . 7 5 1 1 5 9 E + 0 3  1 . 2 6 4 1 9 8 E + 0 2
4 . 9 9 8 8 0 6 E + 0 3  2 . 8 4 5 1 4 1 E + 0 3  4 . 6 1 3 2 0 8 E + 0 2
. 9 9 7 7 8 5 E + 0 3  1 . 9 8 3 3 1 3 E + 0 3  1 . 5 5 8 0 4 2 E + 0 2
4 . 9 9 9 6 4 8 E + 0 3  3 . 0 5 2 6 6 0 E + 0 3
. 9 9 8 9 7 2 E + 0 3  2 . 2 1 1 2 4 1 E + 0 3  1 ,
4 . 9 9 9 6 6 1 E + 0 3  3 . 2 4 6 0 1 1 E + 0 3
9 9 9 5 1 8 E + 0 3  2 . 4 3 2 6 5 0 E + 0 3  2 ,
4 . 9 9 9 9 4 8 E + 0 3  3 . 4 2 5 0 7 6 E + 0 3
9 9 9 7 5 8 E + 0 3  2 . 6 4 5 7 2 6 E + 0 3  2 ,
4 . 9 9 9 8 7 2 E + 0 3  3 . 5 9 0 0 1 7 E + 0 3
9 9 9 8 7 9 E + 0 3  2 . 8 4 9 0 8 6 E + 0 3  3,
4 . 9 9 9 9 9 9 E + 0 3  3 . 7 4 1 1 9 4 E + 0 3
9 9 9 9 2 6 E + 0 3  3 . 0 4 1 7 3 8 E + 0 3  3,
4 . 9 9 9 9 3 2 E + 0 3  3 . 8 7 9 1 1 6 E + 0 3
9 9 9 9 5 8 E + 0 3  3 . 2 2 3 0 2 2 E + 0 3  4
5 . 0 0 0 0 1 1 E + 0 3  4 . 0 0 4 4 2 0 E + 0 3
9 9 9 9 6 9 E + 0 3  3 , 3 9 2 5 7 3 E + 0 3  4
5 . 3 4 6 1 4 4 E + 0 2  
8 9 2 7 6 6 E + 0 2
6 . 1 1 8 2 1 5 E + 0 2  
2 6 8 3 8 9 E + 0 2
6 . 9 2 5 4 6 8 E + 0 2  
6 8 4 5 4 1 E + 0 2
7 . 7 6 3 9 9 1 E + 0 2  
1 4 0 5 0 6 E + 0 2
8 . 6 2 9 9 4 9 E + 0 2  
6 3 5 2 5 6 E + 0 2
9 . 5 1 9 6 2 0 E + 0 2  
1 6 7 4 9 8 E + 0 2
1 . 0 4 2 9 4 1 E + 0 3  
7 3 5 7 0 4 E + 0 2
8 . 2 3 2 8 3 1 E + 0 1  
1 . 0 5 0 0 0 0 E + 0 0  
2 . 1 7 5 7 5 5 E + 0 2  5 .
9 . 4 2 9 8 7 6 E + 0 1  
1 . 0 9 0 0 0 0 E + 0 0  
2 . 4 5 2 8 0 1 E + 0 2  5 -
1 . 0 7 7 0 9 2 E + 0 2  
1 . 1 3 0 0 0 0 E + 0 0  
2 . 7 5 0 2 2 1 E + 0 2  5 -
1 . 2 2 6 1 8 1 E + 0 2  
1 . 1 7 0 0 0 0 E + 0 0  
3 . 0 6 7 9 3 1 E + 0 2  5 .
1 . 3 9 0 7 7 8 E + 0 2  
1 . 2 1 0 0 0 0 E + 0 0  
3 . 4 0 5 7 6 9 E + 0 2  5 .
1 . 5 7 1 3 4 3 E + 0 2  
1 . 2 5 0 0 0 0 E + 0 0  
3 . 7 6 3 4 9 6 E + 0 2  5 .
1 . 7 6 8 2 7 0 E + 0 2  
1 . 2 9 0 0 0 0 E + 0 0  
4 . 1 4 0 8 0 3 E + 0 2  5 .
1 . 9 8 1 8 9 1 E + 0 2  
1 . 3 3 0 0 0 0 E + 0 0  
4 . 5 3 7 3 1 2 E + 0 2  5 -
2 . 2 1 2 4 6 9 E + 0 2  
1 . 3 7 0 0 0 0 E + 0 0  
4 . 9 5 2 5 8 7 E + 0 2  5 .
2 . 4 6 0 2 0 2 E + 0 2  
1 . 4 1 0 0 0 0 E + 0 0  
5 . 3 8 6 1 2 9 E + 0 2  5 -
2 . 7 2 5 2 2 3 E + 0 2  
1 . 4 5 0 0 0 0 E + 0 0  
5 . 8 3 7 3 9 2 E + 0 2  5 .
3 . 0 0 7 6 0 1 E + 0 2  
1 . 4 9 0 0 0 0 E + 0 0  
6 . 3 0 5 7 7 9 E + 0 2  5 .
3 . 3 0 7 3 4 3 E + 0 2  
1 . 5 3 0 0 0 0 E + 0 0  
6 . 7 9 0 6 4 9 E + 0 2  5 .
3 . 6 2 4 3 9 3 E + 0 2  
1 . 5 7 0 0 0 0 E + 0 0  
7 . 2 9 1 3 2 3 E + 0 2  5 .
3 . 9 5 8 6 3 8 E + 0 2  
1 . 6 1 0 0 0 0 E + 0 0  
7 . 8 0 7 0 9 0 E + 0 2  5 .
4 . 3 0 9 9 0 6 E + 0 2  
1 . 6 5 0 0 0 0 E + 0 0  
8 . 3 3 7 2 0 6 E + 0 2  5 .
4 . 6 7 7 9 7 2 E + 0 2  
l , 6 9 0 0 0 0 E + 0 0  
8 . 8 8 0 9 0 2 E + 0 2  5 .
5 . 0 6 2 5 5 8 E + 0 2  
1 . 7 3 0 0 0 0 E + 0 0  
9 . 4 3 7 3 9 0 E + 0 2  5 .
5 . 4 6 3 3 3 9 E + 0 2  
1 . 7 7 0 0 0 0 E + 0 0  
1 . 0 0 0 5 8 6 E + 0 3  5 .
5 . 8 7 9 9 4 2 E + 0 2  
1 . 8 1 0 0 0 0 E + 0 0  
1 . 0 5 8 5 5 0 E + 0 3  5 .
6 . 3 1 1 9 5 0 E + 0 2  
1 . 8 5 0 0 0 0 E + 0 0  
1 . 1 1 7 5 4 6 E + 0 3  5 .
6 . 7 5 8 9 0 8 E + 0 2  
1 . 8 9 0 0 0 0 E + 0 0  
1 . 1 7 7 4 9 3 E + 0 3  5 .
7 . 2 2 0 3 2 3 E + 0 2  
1 . 9 3 0 0 0 0 E + 0 0  
1 . 2 3 8 3 0 5 E + 0 3  5 .
7 . 6 9 5 6 6 8 E + 0 2  
1 .  9 7 0 0 0 0 E + 0 0  
1 - 2 9 9 8 9 8 E + 0 3  5 .
8 . 1 8 4 3 8 7 E + 0 2
5 . 0 0 0 0 0 1 E + 0 3  
OOOOOOE+03 5 .
5 . O O O O O l E + 0 3  
OOOOOOE+03 5 .
5 . 0 0 0 0 0 0 E + 0 3  
OOOOOOE+03 5 .
5 . OOOOOOE+03 
OOOOOOE+03 4 .
5 . 0 0 0 0 0 0 E + 0 3  
OOOOOOE+03 4 .
5 . OOOOOOE+03 
OOOOOOE+03 5 .
5 . OOOOOOE+03 
OOOOOOE+03 5 .
5 . OOOOOOE+03 
OOOOOOE+03 5 .
5 . 0 0 0 0 0 0 E + 0 3  
OOOOOOE+03 4 .
5 . OOOOOOE+03 
OOOOOOE+03 4 .
5 . OOOOOOE+03 
OOOOOOE+03 5 .
5 . OOOOOOE+03 
OOOOOOE+03 5 ,
6 . OOOOOOE+03 
OOOOOOE+03 5 .
5 . OOOOOOE+03 
OOOOOOE+03 5 .
5 . OOOOOOE+03 
OOOOOOE+03 5 .
5 . OOOOOOE+03 
OOOOOOE+03 5 .
5 . OOOOOOE+03 
OOOOOOE+03 5 .
5 . OOOOOOE+03 
OOOOOOE+03 5 .
5 . OOOOOOE+03 
OOOOOOE+03 5 .
5 . OOOOOOE+03 
OOOOOOE+03 5 .
5 . OOOOOOE+03 
OOOOOOE+03 5 .
5 . OOOOOOE+03 
OOOOOOE+03 5 .
5 , OOOOOOE+03 
OOOOOOE+03 5 .
5 . 0 0 0 0 0 0 E + 0 3  
OOOOOOE+03 5 .
4 . 9 9 9 7 4 4 E + 0 3  4 . 9 9 9 9 5 5 E + 0 3
0 0 0 0 0 2 E + 0 3  4 . 9 9 9 9 8 0 E + 0 3  3
4 . 9 9 9 9 5 8 E + 0 3  5 . 0 0 0 0 1 4 E + 0 3
0 0 0 0 0 6 E + 0 3  4 . 9 9 9 9 8 4 E + 0 3  3.
5 . 0 0 0 1 3 0 E + 0 3  
O O O O O l E + 0 3  4 .
5 . 0 0 0 0 8 5 E + 0 3  
9 9 9 9 9 7 E + 0 3  4 .
4 . 9 9 9 9 6 5 E + 0 3  
9 9 9 9 9 8 E + 0 3  4 .
4 . 9 9 9 9 3 4 E + 0 3  
O O O O O l E + 0 3  4 ,
4 . 9 9 9 9 8 7 E + 0 3  
O O O O O l E + 0 3  4 .
5 . 0 0 0 0 3 2 E + 0 3  
OOOOOOE+03 4 .
5 . 0 0 0 0 2 4 E + 0 3  
9 9 9 9 9 9 E + 0 3  4 .
4 . 9 9 9 9 9 5 E + 0 3  
9 9 9 9 9 9 E + 0 3  4 .
4 . 9 9 9 9 8 3 E + 0 3  
OOOOOOE+03 4 .
4 . 9 9 9 9 9 4 E + 0 3  
OOOOOÛE+03 4 .
5 . 0 0 0 0 0 6 E + 0 3  
OOOOOOE+03 4 .
5 . 0 0 0 0 0 7 E + 0 3  
OOOOOOE+03 4 .
5 . 0 0 0 0 0 0 E + 0 3  
OOOQOOE+03 5 .
4 . 9 9 9 9 9 6 E + 0 3  
OOOOOOE+03 5 ,
4 . 9 9 9 9 9 8 E + 0 3  
OOOOOOE+03 5 .
5 . O O O O O l E + 0 3  
OQOOOOE+03 5 .
4 . 9 9 9 9 6 9 E + 0 3  
9 9 9 9 8 8 E + 0 3  3 ,
5 . O O O O l O E + 0 3  
9 9 9 9 9 2 E + 0 3  3,
4 . 9 9 9 9 8 3 E + 0 3  
9 9 9 9 9 3 E + 0 3  4,
5 . O O O O O l E + 0 3  
9 9 9 9 9 6 E + 0 3  4 ,
4 . 9 9 9 9 9 7 E + 0 3  
9 9 9 9 9 5 E + 0 3  4
4 . 9 9 9 9 9 4 E + 0 3  
9 9 9 9 9 7 E + 0 3  4
5 . 0 0 0 0 0 4 E + 0 3  
9 9 9 9 9 7 E + 0 3  4
4 . 9 9 9 9 9 3 E + 0 3  
9 9 9 9 9 8 E + 0 3  4,
5 . 0 0 0 0 0 3 E + 0 3  
9 9 9 9 9 9 E + 0 3  4
4 . 9 9 9 9 9 8 E + 0 3  
9 9 9 9 9 9 E + 0 3  4
4 . 9 9 9 9 9 8 E + 0 3  
9 9 9 9 9 9 E + 0 3  4.
5 . 0 0 0 0 0 2 E + 0 3  
9 9 9 9 9 9 E + 0 3  4 ,
4 . 9 9 9 9 9 8 E + 0 3  
, OOOOOOE+03 4
5 . O O O O O l E + 0 3  
OOOOOOE+03 4
5 . 0 0 0 0 0 0 E + 0 3  
OOOOOOE+03 4
4 . 9 9 9 9 9 9 E + 0 3  
OOOOOOE+03 4
5 . 0 0 0 0 0 2 E + 0 3  5 . 0 0 0 0 0 1 E + 0 3
. OOOOOOE+03 5 . 0 0 0 0 0 0 E + 0 3  4
5 . 0 0 0 0 0 1 E + 0 3  4 . 9 9 9 9 9 9 E + 0 3
OOOOOOE+03 5 . 0 0 0 0 0 0 E + 0 3  4
4 . 9 9 9 9 9 9 E + 0 3  5 . 0 0 0 0 0 0 E + 0 3
OOOOOOE+03 5 . 0 0 0 0 0 0 E + 0 3  4
4 . 9 9 9 9 9 9 E + 0 3  5 . 0 0 0 0 0 0 E + 0 3
OOOOOOE+03 5 . 0 0 0 0 0 0 E + 0 3  4
5 . 0 0 0 0 0 0 E + 0 3  5 . 0 0 0 0 0 0 E + 0 3
OOOOOOE+03 5 . 0 0 0 0 0 0 E + 0 3  4
5 . 0 0 0 0 0 0 E + 0 3  5 . 0 0 0 0 0 0 E + 0 3
OOOOOOE+03 S . O O O O O O E + 0 3  4
4 . 1 1 7 8 1 3 E + 0 3  1 - 1 3 5 5 8 6 E + 0 3
5 5 0 2 6 8 E + 0 3  5 . 3 3 8 1 5 2 E + 0 2
4 . 2 2 0 0 5 3 E + 0 3  1 . 2 2 9 5 6 9 E + 0 3
6 9 6 1 8 6 E + 0 3  5 . 9 7 2 9 6 1 E + 0 2
4 - 3 1 1 9 2 7 E + 0 3  1 . 3 2 4 5 7 7 E + 0 3
. 8 3 0 5 7 0 E + 0 3  6 . 6 3 8 1 1 7 E + 0 2
4 . 3 9 4 2 2 2 E + 0 3  1 . 4 2 0 3 1 6 E + 0 3
9 5 3 7 9 0 E + 0 3  7 . 3 3 1 5 1 0 E + 0 2
4 . 4 6 7 7 1 9 E + 0 3  1 . 5 1 6 5 0 7 E + 0 3
. 0 6 6 3 1 3 E + 0 3  8 . 0 5 0 9 5 2 E + 0 2
4 . 5 3 3 1 7 3 E + 0 3  1 . 6 1 2 8 9 0 E + 0 3
■ 1 6 8 6 7 9 E + 0 3  8 . 7 9 4 2 1 0 E + 0 2
4 . 5 9 1 3 1 1 E + 0 3  1 . 7 0 9 2 2 5 E + 0 3
■ 2 6 1 4 7 3 E + 0 3  9 . 5 5 9 0 2 4 E + 0 2
4 . 6 4 2 8 2 2 E + 0 3  1 . 8 0 5 2 8 5 E + 0 3
. 3 4 5 3 1 0 E + 0 3  1 . 0 3 4 3 1 2 E + 0 3
4 . 6 8 8 3 5 4 E + 0 3  1 . 9 0 0 8 6 3 E + 0 3
■ 4 2 0 8 1 6 E + 0 3  1 . 1 1 4 4 2 5 E + 0 3
4 . 7 2 8 5 1 0 E + 0 3  1 . 9 9 5 7 6 7 E + 0 3
. 4 8 8 6 1 8 E + 0 3  1 . 1 9 6 0 1 8 E + 0 3
4 . 7 6 3 8 4 9 E + 0 3  2 . 0 8 9 8 2 2 E + 0 3
■ 5 4 9 3 3 3 E + 0 3  1 . 2 7 8 8 7 0 E + 0 3
4 . 7 9 4 8 8 7 E + 0 3  2 . 1 8 2 8 6 7 E + 0 3
. 6 Û 3 5 5 6 E + 0 3  1 . 3 6 2 7 6 9 E + 0 3
4 . 8 2 2 0 9 4 E + 0 3  2 . 2 7 4 7 5 9 E + 0 3
. 6 5 1 8 6 0 E  + 0 3  1 . 4 4 7 5 0 6 E + 0 3
4 . 8 4 5 9 0 0 E + 0 3  2 . 3 6 5 3 6 6 E + 0 3
. 6 9 4 7 8 8 E + 0 3  1 . 5 3 2 8 7 9 E + 0 3
4 . 8 6 6 6 9 2 E + 0 3  2 . 4 5 4 5 7 1 E + 0 3
. 7 3 2 8 5 3 E + 0 3  1 . 6 1 8 6 9 5 E + 0 3
4 . 8 8 4 8 2 2 E + 0 3  2 . 5 4 2 2 7 0 E + 0 3
. 7 6 6 5 3 2 E + 0 3  1 . 7 0 4 7 6 8 E + 0 3
4 . 9 0 0 6 0 5 E + 0 3  2 . 6 2 8 3 7 0 E + 0 3
. 7 9 6 2 6 8 E + 0 3  1 . 7 9 0 9 2 2 E + 0 3
4 . 9 1 4 3 2 4 E + 0 3  2 . 7 1 2 7 9 1 E + 0 3
. 8 2 2 4 7 2 E + 0 3  1 . 8 7 6 9 8 7 E + 0 3
4 . 9 2 6 2 3 1 E + 0 3  2 . 7 9 5 4 6 5 E + 0 3
. 8 4 5 5 1 9 E + 0 3  1 . 9 6 2 8 0 6 E + 0 3
4 . 9 3 6 5 5 1 E + 0 3  2 . 8 7 6 3 3 1 E + 0 3
. 8 6 5 7 5 4 E + 0 3  2 . 0 4 8 2 2 7 E + 0 3
4 . 9 4 5 4 8 3 E + 0 3  2 . 9 5 5 3 4 0 E + 0 3
. 8 8 3 4 8 8 E + 0 3  2 . 1 3 3 1 1 2 E + 0 3
4 . 9 5 3 2 0 3 E + 0 3  3 . 0 3 2 4 5 1 E + 0 3
- 8 9 9 0 0 5 E + 0 3  2 . 2 1 7 3 2 8 E + 0 3
4 . 9 5 9 8 6 9 E + 0 3  3 . 1 Û 7 6 3 2 E + 0 3
- 9 1 2 5 6 0 E + 0 3  2 . 3 0 0 7 5 4 E + 0 3
4 . 9 6 5 6 1 6 E + 0 3  3 . 1 8 0 8 6 0 E + 0 3
. 9 2 4 3 8 3 E + 0 3  2 . 3 8 3 2 7 7 E + 0 3
